SECTI ON 16375

ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND
11/ 92

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

ANSI Cl12.1 (1995) Code for Electricity Metering

ANSI C12.4 (1984; R 1996) Mechani cal Demand Regi sters
ANSI C12.10 (1987) El ectronmechani cal Watthour Meters
ANSI C12.11 (1987; R 1993) Instrument Transformers for

Revenue Metering, 10 kV BIL through 350 kV
BIL (0.6 kV NSV through 69 kV NSV)

ANSI C29.1 (1988; R 1996) El ectrical Power Insulators
- Test Met hods

ANSI C37. 16 (1988; C37.16a; R 1995) Low Vol t age Power
Circuit Breakers and AC Power Gircuit
Protectors - Preferred Ratings, Related
Requi renents, and Application
Recomendat i ons

ANSI C37. 46 (1981; R 1992) Power Fuses and Fuse
Di sconnecting Swi tches

ANSI C37.50 (1989; R 1995) Switchgear, Low Voltage AC
Power Circuit Breakers Used in Encl osures
- Test Procedures

ANSI C37.72 (1987) Manual | y- Qper at ed Dead- Front,
Padmount ed Switchgear with
Load-Interrupting Switches and Separabl e
Connectors for Alternating-Current Systens

ANSI C37.121 (1989; R 1995) Switchgear, Unit
Subst ati ons Requirenents

ANSI C57.12.13 (1982) Conformance Requirenents for
Liquid-Filled Transformers Used in Unit
Installations, Including Unit Substations

ANSI C57.12.21 (1995) Requirenents for Pad- Mbunt ed,
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ANSI

ANSI

ANSI

ANSI

ANSI

ANSI

ANSI

C57.12. 26

C57.12. 27

C57.12. 28

C80.1

C119.1

C135. 30

6.1

Conpart nent al - Type, Sel f- Cool ed,

Si ngl e- Phase Di stribution Transforners

wi t h Hi gh- Vol tage Bushi ngs; (H gh-Voltage,
34 500 Gd Y/19 920 Volts and Bel ow;

Low Vol t age, 240/120; 167 kVA and Smal |l er)

(1993) Pad- Mount ed Conpart nental - Type,
Sel f - Cool ed, Three-Phase Distribution
Transformers for Use with Separable

I nsul at ed Hi gh- Vol t age Connect ors,

H gh- Vol tage, 34 500 G'd Y/19 920 Volts
and Bel ow; 2500 kVa and Smal | er

(1982) Conformance Requirenents for
Liquid-Filled Distribution Transfornmers
Used i n Pad-Mounted Installations,

I ncluding Unit Substations

(1996) Switchgear and Transformers -
Padnmount ed Equi prent - Enclosure Integrity

(1995) Rigid Steel Conduit - Zi nc Coated

(1986) Seal ed | nsul at ed Under ground
Connector Systens Rated 600 Volts

(1988) Zinc-Coated Ferrous Ground Rods for
Over head or Underground Line Construction

(1992) Specifications and D nensions for
Wod Pol es

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 48

ASTM A 123

ASTM A 153

ASTM B 3

ASTM B 8

ASTM B 117

ASTM B 231

ASTM B 400

ASTM B 496

(1994a) Gay Iron Castings

(1989a) Zinc (Hot-Di p Gal vani zed) Coati ngs
on Iron and Steel Products

(1996) Zinc Coating (Hot-Dip) on Iron and
St eel Hardware

(1995) Soft or Anneal ed Copper Wre

(1993) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium Hard, or Soft

(1997) Operating Salt Spray (FOG Apparatus

(1995) Concentric-Lay-Stranded Al um num
1350 Conductors

(1994) Comnpact Round
Concentri c-Lay- Stranded Al um num 1350
Conduct or s

(1992) Comnpact Round

Page 2



Concentri c-Lay- Stranded Copper Conductors

ASTM B 609 (1997) Al um num 1350 Round Wre, Anneal ed
and Internediate Tenpers, for Electrical
Pur poses

ASTM B 609M (1991) Al um num 1350 Round Wre, Anneal ed

and Internediate Tenpers, for Electrical
Pur poses (Metric)

ASTM B 800 (1994) 8000 Series AlumnumAlloy Wre for
El ectrical Purposes - Anneal ed and
I nternedi ate Tenpers

ASTM B 801 (1995) Concentric-Lay-Stranded Conductors
of 8000 Series Alum num Al l oy for
Subsequent Covering or Insulation

ASTM C 478 (1996) Precast Reinforced Concrete Manhol e
Sect i ons

ASTM C 478M (1996) Precast Reinforced Concrete Mahhol e
Sections (Metric)

ASTM D 923 (1991) Sanpling Electrical Insulating
Li qui ds

ASTM D 1654 (1992) Evaluation of Painted or Coated

Speci mens Subj ected to Corrosive
Envi ronnent s

ASTM D 2472 (1992) Sul fur Hexafl uoride
ASTM D 4059 (1996) Anal ysis of Pol ychl orinat ed
Bi phenyl s in Insulating Liquids by Gas
Chr omat ogr aphy
ASTM F 883 (1990) Padl ocks
ASSQOC!| ATI ON OF EDI SON | LLUM NATI NG COVPANI ES ( AEI O)

AEI C CS5 (1994) Cross-linked Polyethyl ene Insul at ed
Shi el ded Power Cabl es Rated 5 Through 46 kV

AEI C CS6 (1996) Ethyl ene Propyl ene Rubber Insul ated
Shi el ded Power Cabl es Rated 5 Through 69 kV

FACTORY MJTUAL ENG NEERI NG AND RESEARCH (FM

FM P7825a (1998) Approval Guide Electrical Equiprent
I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE C2 (1997) National Electrical Safety Code

| EEE ANSI/ I EEE C37.1 (1994) | EEE Standard Definition,

Speci fication, and Anal ysis of Systens

Page 3



| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

ANSI / | EEE

C62.1

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C57.

C57.

C57.

2

13

20.

20.

20.

23

30

34

41

63

90

90.

98

12.

13

98

00

Used for Supervisory Control, Data
Acqui sition, and Automatic Control

(1996) Electrical Power System Device
Function Numbers and Contact Desi gnati ons

(1990; R 1995) Low Vol tage AC Power
Circuit Breakers Used in Encl osures

(1993) Metal - Encl osed Low Vol t age Power
Circuit-Breaker Sw tchgear

(1993; C37.20.2b) Metal-d ad and
St ati on- Type Cubicl e Swi tchgear

(1987; R 1992) Metal -Encl osed Interrupter
Swi t chgear

(1987; R 1991) Cuide for Metal-Encl osed
Bus and Cal cul ati ng Losses in
| sol at ed- Phase Bus

(1992) Definitions and Requirenments for
H gh- Vol tage Air Sw tches

(1994) Test Code for
Swi t ches

H gh- Vol tage Air

(1994; C37.41e) Design Tests for

H gh- Vol t age Fuses, Distribution Encl osed
Single-Pole Air Switches, Fuse

Di sconnecting Switches, and Accessories

(1997) Requirenents for Overhead,
Pad- Mount ed, Dry-Vault, and Subnersible
Aut omatic Line Sectionalizer for AC Systens

(1989; R 1994) Rel ays and Rel ay Systens
Associated with El ectric Power Apparatus

(1989; R 1994) |EEE Standard Surge
Wthstand Capability (SW) Tests for
Protecti ve Rel ays and Rel ay Systens
(1987; R 1990) Seismic Testing of Rel ays
(1993) | EEE Standard General Requirenents
for Liquid-Inmrersed Distribution, Power,
and Regul ating Transformners

(1993) Instrument Transforners

(1993) Cuide for Transformer |Inpul se Tests

(1989; R 1994) Surge Arresters for ac
Power Circuits
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| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

NENMA

NENMA

NENMA

NENMA

NENMA

NENMA

Co2.

Co2.

Std

Std

Std

Std

Std

Std

Std

Std

2

11

48

81

100

242

386

399

404

592

(1987; R 1994) Cuide for the Application
of Gapped Silicon-Carbide Surge Arresters
for Alternating Current Systens

(1993) | EEE Standard Metal - Oxi de Surge
Arresters for AC Power Circuits

(1996) Standard Test Procedures and
Requi renents for Alternating-Current Cable
Term nations 2.5 kV through 765 kV

(1983) Cuide for Measuring Earth
Resistivity, Gound |Inpedance, and Earth
Surface Potentials of a Ground System
(Part 1)

(1996) | EEE Standard Dictionary of
El ectrical and El ectronics Terns

(1986; R 1991) Recommended Practice for
Protecti on and Coordi nati on of Industrial
and Comerci al Power Systens

(1995) Separabl e Insul ated Connector
Systens for Power Distribution Systens
Above 600V

(1990) Recommended Practice for Industrial
and Comerci al Power Systens Anal ysis

(1993) Cable Joints for Use with Extruded
Dielectric Cable Rated 5000 V through 138
000 V and Cable Joints for Use with

Lam nated Diel ectric Cable Rated 2500 V
Thr ough 500 000 V

(1990; R 1996) Exposed Sem conducti ng
Shi el ds on Prenol ded Hi gh Vol tage Cable
Joints and Separabl e Insul ated Connectors

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

AB 1

BU 1

FB 1

FU 1

LA 1

PB 1

(1993) Ml ded Case Circuit Breakers and
Mol ded Case Switches

(1994) Busways

(1993) Fittings, Cast Metal Boxes and
Conduit Bodies for Conduit and Cable
Assenbl i es

(1986) Low Voltage Cartridge Fuses
(1992) Surge Arresters

(1990) Panel boards
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NENMA

NENMA

NENMA

NENMA

NENA

NENA

NENMA

NENMA

NENMA

NFPA

UL 6

PB

SG

SG

SG

TC

TC

TC

70

UL 198C

UL 198D

UL 198E

UL 198H

UL 467

UL 486A

UL 486B

UL 489

2 (1995) Deadfront Distribution Sw tchboards
2 (1993) Hi gh Vol tage Fuses

3 (1995) Power Switching Equi pnent

5 (1990) Power Swi tchgear Assenblies

5 (1990) Corrugated Pol yol efin Coil able

Plastic UWilities Duct

6 (1990) PVC and ABS Plastic Uilities Duct
for Underground Installation

7 (1990) Smoot h-Wall Coil abl e Pol yet hyl ene
El ectrical Plastic Duct

7 (1991; Rev 1)
Cr oss- Li nked- Ther noset t i ng- Pol yet hyl ene-
Insulated Wre and Cable for the
Transm ssion and Distribution of
El ectrical Energy

8 (1991; Rev 1; Rev 2)
Et hyl ene- Propyl ene- Rubber -1 nsul ated Wre
and Cable for the Transm ssion and
Distribution of Electrical Energy

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

(1996; Errata 96-4) National Electrical
Code

UNDERWRI TERS LABORATORI ES (UL)
(1997) Rigid Metal Conduit
(1986; Rev thru Feb 1998)
H gh-Interrupting-Capacity Fuses,
Current-Limting Types
(1995) d ass K Fuses
(1988; Rev Jul 1988) d ass R Fuses
(1988; Rev thru Nov 1993) Cass T Fuses

(1993; Rev thru Aug 1996) G oundi ng and
Bondi ng Equi pnment

(1997) Wre Connectors and Sol deri ng Lugs
for Use with Copper Conductors

(1997; Rev Jun 1997) Wre Connectors for
Use with Al um num Conductors

(1996; Rev thru Nov 1997) Ml ded- Case
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Circuit Breakers, Ml ded-Case Swi tches,
and Crcuit-Breaker Enclosures

UL 510 (1994; Rev thru Nov 1997) Pol yvi nyl
Chl ori de, Pol yet hyl ene and Rubber
I nsul ati ng Tape

UL 514A (1996) Metallic Qutlet Boxes

UL 651 (1995; Rev thru Apr 1997) Schedul e 40 and
80 R gid PVC Conduit

UL 854 (1996; Rev Apr 1996) Service-Entrance
Cabl es

UL 857 (1994; Rev thru Nov 1996) Busways and
Associ ated Fittings

UL 1072 (1995; Rev Mar 1998) Medi um Vol t age Power
Cabl e

UL 1242 (1996; Rev Apr 1997) Internediate Meta
Condui t

UL 1684 (1996) Reinforced Thernosetting Resin

Conduit (RTRC) and Fittings
.2 CGENERAL REQUI REMENTS
2.1 Ter m nol ogy
Term nol ogy used in this specification is as defined in IEEE Std 100.
.2.2 Servi ce Conditions

Itens provided under this section shall be specifically suitable for the
foll owi ng service conditions:

a. Atitude 1070 m 3500 feet
b. Anbient Tenperature -18 to 49 degrees C 0 to 120 degrees F
c. Frequency 60 Hz

d. Seismc Zone 4

.3 SUBM TTALS
Governnmental approval is required for submittals with a "GA" designation;
submttals having an "FI O' designation are for information only. The

followi ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD-01 Data
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Fault Current and Protective Devices Coordinati on Studies; GA

The study shall be submitted with protective device equi prent submttals.
Not time extension or simlar contract nodifications will be granted for
work arising out of the requirenents for this study. Approval of
protective devices proposed shall be based on recommendati ons of this
study. The Governnment shall not be held responsible for any changes to
equi prent, device ratings, settings, or additional |abor for installation
of equi prent or devices ordered and/or procured prior to approval of the
st udy.

Manuf acturer's Catal og Data; FI QO

Catal og cuts, brochures, circulars, specifications, product data, and
printed information in sufficient detail and scope to verify conpliance
with the requirenents of the contract docunents.

Mat eri al, Equipnent, and Fixture Lists; FIQO

A conplete item zed listing of equipnent and materials proposed for

i ncorporation into the work. Each entry shall include an item nunber, the
quantity of itenms proposed, and the nane of the manufacturer of each such
item

Install ati on Procedures; FlIQO

As a minimum installation procedures for transforners, substations,
swi tchgear, and nedi umvol tage cable term nations and splices.

Procedures shall include cable pulling plans, diagranms, instructions, and
precautions required to install, adjust, calibrate, and test the devices
and equi pnent.

SD- 04 Dr awi ngs
El ectrical Distribution System FIO

Detail drawi ngs consisting of equi pment draw ngs, illustrations, schedul es,
i nstructions, diagrans manufacturers standard installation draw ngs and
other information necessary to define the installation and enable the
Government to check conformity with the requirenments of the contract

dr awi ngs.

If departures fromthe contract draw ngs are deenmed necessary by the
Contractor, conplete details of such departures shall be included with the
detail drawi ngs. Approved departures shall be nmade at no additional cost
to the Governnent

Detail drawi ngs shall show how conponents are assenbl ed, function together
and how they will be installed on the project. Data and draw ngs for
conponent parts of an itemor systemshall be coordinated and submtted as
a unit. Data and draw ngs shall be coordinated and included in a single
subm ssion. Miltiple subm ssions for the same equi pment or system are not
accept abl e except where prior approval has been obtained fromthe
Contracting Oficer. In such cases, a list of data to be submitted |ater
shall be included with the first subm ssion. Detail draw ngs shall consi st
of the foll ow ng:
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a. Detail drawi ngs show ng physical arrangenment, construction
details, connections, finishes, materials used in fabrication,
provisions for conduit or busway entrance, access requirenents for
installation and mai nt enance, physical size, electrical
characteristics, foundation and support details, and equi prment
wei ght. Draw ngs shall be drawn to scal e and/or dinmensioned. All
optional itens shall be clearly identified as included or excluded.

b. Internal wiring diagrans of equi pnment showing wiring as actually
provided for this project. External wring connections shall be
clearly identified.

Detail drawi ngs shall as a mininumdepict the installation of the follow ng
itens:

a. Mediumvoltage cabl es and accessories including cable installation
pl an.

b. Transforners.
Cc. Substations.
d. Swtchgear.
e. Pad-nounted | oadbreak swi tches.
f. Busways.
g. Surge arresters.
As-Built Draw ngs; GA

The as-built drawi ngs shall be a record of the construction as installed.
The draw ngs shall include the information shown on the contract draw ngs
as well as deviations, nodifications, and changes fromthe contract

drawi ngs, however minor. The as-built drawi ngs shall be a full sized set
of prints marked to reflect deviations, nodifications, and changes. The
as-built drawi ngs shall be conplete and show the | ocation, size,

di mensi ons, part identification, and other information. Additional sheets
may be added. The as-built drawi ngs shall be jointly inspected for
accuracy and conpl eteness by the Contractor's quality control
representative and by the Contracting Oficer prior to the subm ssion of
each nmonthly pay estimate. Upon conpletion of the work, the Contractor
shall provide three full sized sets of the marked prints to the Contracting
Oficer for approval. |If upon review, the as-built drawings are found to
contain errors and/or om ssions, they will be returned to the Contractor
for correction. The Contractor shall correct and return the as-built
drawi ngs to the Contracting O ficer for approval within 10 cal endar days
fromthe tine the drawings are returned to the Contractor.

SD- 09 Reports
Factory Test; FIO
Certified factory test reports shall be subm tted when the nmanufacturer

performs routine factory tests, including tests required by standards
listed in paragraph REFERENCES. Results of factory tests performed shall
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be certified by the manufacturer, or an approved testing | aboratory, and
submtted within 7 days followi ng successful conpletion of the tests. The
manuf acturer's pass-fail criteria for tests specified in paragraph FIELD
TESTI NG shal | be incl uded.
Field Testing; GA
A proposed field test plan, 30 days prior to testing the installed system
No field test shall be performed until the test plan is approved. The test
pl an shall consist of conplete field test procedures including tests to be
performed, test equi pnent required, and tolerance linmts.
Test Reports; GA
Si x copies of the information described belowin 215.9 by 279.4 nm (8-1/2
by 11 inch) 8-1/2 by 11 inch binders having a m ni mum of three rings,
i ncluding a separate section for each test. Sections shall be separated by
heavy plastic dividers with tabs.

a. A list of equipnment used, with calibration certifications.

b. A copy of nmeasurenments taken

c. The dates of testing.

d. The equi prent and values to be verified.

e. The condition specified for the test.

f. The test results, signed and dat ed.

g. A description of adjustnments nade.
Cable Installation Reports; GA
Si x copies of the information described belowin 215.9 by 279.4 nm (8-1/2
by 11 inch) 8-1/2 by 11 inch binders having a m nimumof three rings from
which material may readily be renmoved and repl aced, including a separate
section for each cable pull. Sections shall be separated by heavy plastic
dividers with tabs, with all data sheets signed and dated by the person
supervising the pull.

a. Site layout drawing with cable pulls nunmerically identified.

b. A list of equipnent used, with calibration certifications. The
manuf acturer and quantity of |ubricant used on pull.

c. The cable manufacturer and type of cable.

d. The dates of cable pulls, tinme of day, and anbient tenperature.
e. The length of cable pull and cal cul ated cable pulling tensions.
f. The actual cable pulling tensions encountered during pull

SD- 13 Certificates
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Mat eri al s and Equi prent; FI QO

VWere materials or equi pnent are specified to conformto the standards of
the Underwriters Laboratories (UL) or to be constructed or tested, or both,
in accordance with the standards of the Anmerican National Standards
Institute (ANSI), the Institute of Electrical and El ectronics Engi neers
(IEEE), or the National Electrical Manufacturers Association (NEMA), the
Contractor shall submt proof that the itens provided conformto such

requi renents. The |abel of, or listing by, UL will be acceptable as
evidence that the itenms conform Either a certification or a published
catal og specification data statenment, to the effect that the itemis in
accordance with the referenced ANSI or |EEE standard, will be acceptable as
evidence that the itemconfornms. A similar certification or published
catal og specification data statement to the effect that the itemis in
accordance with the referenced NEMA standard, by a conpany listed as a
menber conpany of NEMA, will be acceptable as evidence that the item
conforms. In lieu of such certification or published data, the Contractor
may submit a certificate froma recognized testing agency equi pped and
conpetent to performsuch services, stating that the itens have been tested
and that they conformto the requirenments listed, including methods of
testing of the specified agencies. Conpliance with above-naned

requi renents does not relieve the Contractor fromconpliance with any other
requi renents of the specifications.

Cable Splicer Qualification; GA

A certification that contains the nanes and the qualifications of people
recomended to performthe splicing and term nation of medi umvoltage
cabl es approved for installation under this contract. The certification
shal | indicate that any person reconmended to perform actual splicing and
term nati ons has been adequately trained in the proper techni ques and have
had at | east three recent years of experience in splicing and term nating
the sane or sinilar types of cables approved for installation. In
addi ti on, any person reconmended by the Contractor may be required to
performa practice splice and termnation, in the presence of the
Contracting O ficer, before being approved as a qualified installer of
medi um vol tage cables. |If that additional requirement is inposed, the
Contractor shall provide short sections of the approved types of cables
along with the approved type of splice and term nation kits, and detail ed
manuf acturer's instruction for the proper splicing and term nation of the
approved cabl e types.

Cable Installer Qualifications; FIO

The Contractor shall provide at |east one onsite person in a supervisory
position with a docunentable | evel of conpetency and experience to
supervise all cable pulling operations. A resune shall be provided show ng
the cable installers' experience in the last three years, including a list
of references conplete with points of contact, addresses and tel ephone
nunbers.

SD- 19 OPERATI ON AND MAI NTENANCE MANUALS
El ectrical Distribution System GA
Si x copies of operation and mai ntenance manual s, within 7 cal endar days

followi ng the conpletion of tests and including assenbly, installation
operation and mai ntenance instructions, spare parts data which provides
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supplier nane, current cost, catal og order nunber, and a recommended |i st

of spare parts to be stocked. Manuals shall also include data outlining
detail ed procedures for systemstartup and operation, and a troubl eshooting
gui de which |ists possible operational problens and corrective action to be
taken. A brief description of all equipnent, basic operating features, and
routi ne mai ntenance requirenents shall also be included. Docunents shal

be bound in a binder marked or identified on the spine and front cover. A
tabl e of contents page shall be included and narked with pertinent contract

i nformati on and contents of the manual. Tabs shall be provided to separate
di fferent types of docunments, such as catal og ordering information
drawi ngs, instructions, and spare parts data. |ndex sheets shall be

provi ded for each section of the manual when warranted by the quantity of
docunents included under separate tabs or dividers.

Three additional copies of the instructions manual shall be provided within
30 cal endar days follow ng the manual s.

1.4 DELI VERY, STORAGE, AND HANDLI NG

Devi ces and equi prent shall be visually inspected by the Contractor when
recei ved and prior to acceptance from conveyance. Stored itens shall be
protected fromthe environnent in accordance with the manufacturer's
published instructions. Danmaged itens shall be replaced. G filled
transformers and swi tches shall be stored in accordance with the

manuf acturer's requirenments. Wod poles held in storage for nore than 2
weeks shall be stored in accordance with ANSI C6.1. Handling of wood pol es
shall be in accordance with ANSI (6.1, except that pointed tools capable of
produci ng i ndentations nore than 25 nm 1 inch in depth shall not be used.
Met al pol es shall be handl ed and stored in accordance with the

manuf acturer's instructions.

1.5 EXTRA MATERI ALS

One additional spare fuse or fuse elenment for each furnished fuse or fuse
el ement shall be delivered to the contracting officer when the electrica
systemis accepted. Two conplete sets of all special tools required for
mai nt enance shall be provided, conplete with a suitable tool box. Speci al
tools are those that only the manufacturer provides, for special purposes
(to access conpartnents, or operate, adjust, or maintain special parts).

PART 2 PRODUCTS

2.1 STANDARD PRCDUCT
Mat erial and equi pnent shall be the standard product of a manufacturer
regul arly engaged in the manufacture of the product and shall essentially
duplicate itenms that have been in satisfactory use for at |east 2 years
prior to bid opening. Itens of the same classification shall be identica
i ncl udi ng equi pnent, assenblies, parts, and conponents.

2.2 NAMEPLATES

2.2.1 Gener al
Each maj or conponent of this specification shall have the manufacturer's

nane, address, type or style, nodel or serial nunber, and catal og nunber on
a nanepl ate securely attached to the equi pnment. Naneplates shall be nade
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of noncorrosive nmetal. Equipnment containing liquid dielectrics shall have
the type of dielectric on the naneplate. Sectionalizer switch namepl ates
shall have a schematic with all switch positions shown and | abeled. As a
m ni rum nanepl ates shall be provided for transformers, circuit breakers,
neters, sw tches, and switchgear

2.2.2 Liquid-Filled Transfornmer Nanepl ates

Power transformers shall be provided with naneplate information in
accordance with | EEE ANSI /I EEE C57.12.00. Nanepl ates shall indicate the
nunber of liters gallons and conposition of liquid-dielectric, and shall be
permanently nmarked with a statenent that the transformer dielectric to be
supplied is non-polychlorinated bi phenyl. |f transforner naneplate is not
so narked, the Contractor shall furnish manufacturer's certification for
each transforner that the dielectric is non-PCB classified, with | ess than
2 ppm PCB content in accordance w th paragraph LI QU D DI ELECTRI CS
Certifications shall be related to serial nunbers on transformer

narmepl ates. Transformer dielectric exceeding the 2 ppm PCB content or
transformers without certification will be considered as PCB insul ated and
wi Il not be accepted.

2.3 CORROSI ON PROTECTI ON
2.3.1 Al um num Material s

Al um num shall not be used in contact with earth or concrete. Were
al um num conductors are connected to dissimlar nmetal, fittings conformng
to UL 486B shall be used. Al um num shall not be used near the coast.

2.3.2 Ferrous Metal Materials
2.3.2.1 Har dwar e

Ferrous netal hardware shall be hot-dip gal vani zed in accordance with ASTM
A 153 and ASTM A 123.

2.3.2.2 Equi prment

Equi pmrent and conponent itens, including but not limted to transforner
stations and ferrous netal |uminaries not hot-dip galvani zed or porcelain
enanel finished, shall be provided with corrosion-resistant finishes which
shall withstand 480 hours of exposure to the salt spray test specified in
ASTM B 117 without |oss of paint or rel ease of adhesion of the paint priner
coat to the nmetal surface in excess of 1.6 mm (1/16 inch) 1/16 inch from
the test mark. The scribed test mark and test evaluation shall be in
accordance with ASTM D 1654 with a rating of not less than 7 in accordance
with TABLE 1, (procedure A). Cut edges or otherw se danmaged surfaces of
hot - di p gal vani zed sheet steel or mll gal vani zed sheet steel shall be
coated with a zinc rich paint conformng to the manufacturer's standard.

2.3.3 Fi ni shing
Painting required for surfaces not otherw se specified and finish painting
of itens only prinmed at the factory shall be as specified refer to task order
not 09900.

2.4 CABLES
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Cabl es shall be single conductor type unless otherw se indicated.
2.4.1 Medi um Vol t age Cabl es
2.4.1.1 Gener a

Cabl e construction shall be Type MV, conform ng to NFPA 70 and UL 1072 or
concentric neutral underground distribution cable conform ng to AEIC CS5
and NEMA WC 7. Cables shall be manufactured for use in duct or direct
burial applications as required by the Task O der

2.4.1.2 Rat i ngs

Cabl es shall be rated for a circuit voltage of 5 kV, 15 kV, 25 kV or 35 kV as
requi red by the Task O der

2.4.1.3 Conductor WNateri al

Under ground cabl es shall be soft drawn copper conplying with ASTM B 3 and
ASTM B 8 for regular concentric and conpressed stranding or ASTM B 496 for
conpact strandi ng or alumnumalloy 1350, 3/4 hard m ni mum conplying with
ASTM B 609, ASTM B 609M and ASTM B 231 for regular concentric and
conpressed stranding or ASTM B 400 for conpacted stranding as required by
the Task Order.

2.4.1. 4 I nsul ati on

Cabl e insulation shall be cross-linked thernosetting pol yethyl ene (XLP)

i nsul ation conformng to the requirenents of NEMA WC 7 and AElI C CS5 or

et hyl ene- pr opyl ene-rubber (EPR) insulation conformng to the requirenents
of NEMA WC 8 and AEIC CS6 as required by the Task Order. A 133 percent
insul ation | evel shall be used on 5 kV, 15 kV and 35 kV rated cabl es.

2.4.1.5 Shi el di ng
Cables rated for 2 kV and above shall have a sem conducting conduct or
shield, a sem conducting insulation shield, and an overall copper tape
shield for each phase. The shield tape shall be sized to neet |EEE C2
requirenents for a ground fault availability of the system

2.4.1.6 Neutral s
Neut ral conductors of shall be copper or alum numas required by the Task
Order. enploying the same insulation and jacket materials as phase
conductors, except that a 600-volt insulation rating is acceptable.

2.4.1.7 Jacket s

Cabl es shall be provided with a PVC or polyethyl ene jacket as required by
the Task Order. Direct buried cables shall be rated for direct burial

2.4.2 Low Vol t age Cabl es
Cabl es shall be rated 600 volts and shall conformto the requirenents of

NFPA 70, and nust be UL listed for the application or neet the applicable
section of either |ICEA or NEMA standards.
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.4.2.1 Conductor WNateri al

Under ground cabl es shall be anneal ed copper conplying with ASTM B 3 and
ASTM B 8. Interm xing of copper and al um num conductors is not permtted.

.4.2.2 I nsul ati on

I nsul ation nust be in accordance with NFPA 70, and nust be UL |isted for
the application or neet the applicable sections of either |ICEA or NEVA
st andar ds.

.4.2.3 Jacket s
Mul ti conduct or cabl es shall have on overall PVC outer jacket.
.4.2.4 Direct Buried

Single and multi-conductor cables shall of a type identified for direct
burial. Service entrance cables shall conformto UL 854 for Type USE
servi ce entrance cabl e.

.4.2.5 I n Duct

Cabl es shall be single-conductor cable, in accordance with NFPA 70.
.5 CABLE JA NTS, TERM NATI ONS, AND CONNECTORS

.5.1 Medi um Vol t age Cabl e Joints

Medi um vol t age cable joints shall conply with EEE Std 404 and | EEE Std 592.
Medi um vol t age cable term nations shall conmply with IEEE Std 48. Joints
shal |l be the standard products of a manufacturer and shall be either of the
factory preforned type or of the kit type containing tapes and ot her
required parts. Joints shall have ratings not |less than the ratings of the
cables on which they are installed. Splice kits may be of the

heat - shri nkabl e type for voltages up to 15 kV, of the prenol ded splice and
connector type, the conventional taped type, or the resin pressure-filled
overcast taped type for voltages up to 35 kV; except that for voltages of
7.5 kV or less a resin pressure-filled type utilizing a plastic-tape nold
is acceptable. Joints used in manhol es, handhol es, vaults and pull boxes
shall be certified by the manufacturer for waterproof, subnersible
applications.

.5.2 Medi um Vol t age Separabl e I nsul ated Connectors

Separ abl e i nsul ated connectors shall conmply with IEEE Std 386 and | EEE Std
592 and shall be of suitable construction or standard splice kits shall be
used. Separable insul ated connectors are acceptable for voltages up to 35
kV. Connectors shall be of the | oadbreak type as indicated, of suitable
construction for the application and the type of cable connected, and shal

i ncl ude cabl e shield adaptors. Separable insulated connectors shall not be
used as substitutes for conventional permanent splices. External clanping
points and test points shall be provided.

.5.3 Low Vol t age Cabl e Splices

Low vol tage cable splices and term nations shall be rated at not |ess than
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600 Volts. Splices in conductors No. 10 AWG and smal |l er shall be made with
an insul ated, solderless, pressure type connector, confornmng to the
applicable requirements of UL 486A. Splices in conductors No. 8 AWs and

| arger shall be made with noninsul ated, sol derless, pressure type
connector, conformng to the applicable requirenments of UL 486A and UL 486B
Splices shall then be covered with an insulation and jacket materi al

equi valent to the conductor insulation and jacket. Splices bel ow grade or
in wet |ocations shall be sealed type conforming to ANSI C119.1 or shall be
wat er proofed by a sealant-filled, thick wall, heat shrinkable,

t hernmosetting tubing or by pouring a thernosetting resin into a nold that
surrounds the joined conductors.

.5.4 Term nati ons

Term nations shall be in accordance with IEEE Std 48, Cass 1 or Cass 2;
of the nol ded el astoner, wet-process porcelain, prestretched el astoner,
heat - shri nkabl e el astomer, or taped type. Acceptable el astonmers are
track-resistant silicone rubber or track-resistant ethylene propyl ene
conmpounds, such as et hyl ene propyl ene rubber or ethyl ene propyl ene di ene
nmonomer. Separabl e insul ated connectors may be used for apparatus

term nati ons, when such apparatus is provided with suitable bushings.

Term nations shall be of the outdoor type, except that where installed

i nsi de outdoor equi pnent housi ngs which are seal ed agai nst nor nal
infiltration of noisture and outside air, indoor, Class 2 term nations are
acceptable. Cass 3 terminations are not acceptable. Term nations, where
requi red, shall be provided with nounting brackets suitable for the

i ntended installation and with groundi ng provisions for the cable
shi el ding, netallic sheath, and arnor.

.5.4.1 Factory Prefornmed Type

Mol ded el ast oner, wet-process porcelain, prestretched, and heat-shrinkabl e
term nations shall utilize factory preformed conponents to the nmaxi mum
extent practicable rather than tape build-up. Term nations shall have
basic inpulse levels as required for the systemvoltage |level. Leakage

di stances shall comply with wet withstand voltage test requirenments of |EEE
Std 48 for the next higher Basic Insulation Level (BIL) |evel.

.5.4.2 Taped Term nati ons

Taped term nations shall use standard termnation kits providing term na
connectors, field-fabricated stress cones, and rain hoods. Term nations
shall be not |less than the kit manufacturer's reconmendati ons.

.6 CONDUI T AND DUCTS

Ducts shall be single, round-bore type, with wall thickness and fittings
suitable for the application. Duct |ines shall be concrete-encased,
thin-wall type for duct |ines between manhol es and for other nedi umvoltage
lines. Lowvoltage |lines or Comunication |ines run el sewhere may be
direct-burial, thick-wall type.

.6.1 Metal Iic Conduit
Internediate netal conduit shall comply with UL 1242. Rigid gal vani zed

d
steel conduit shall conply with UL 6 and ANSI C80.1. Metallic conduit
fittings and outlets shall conply with UL 514A and NEVA FB 1.
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2.

2.

2.

6.2 Nonnetal I i ¢ Ducts

6.2.1 Concrete Encased Ducts

UL 651 Schedule 40 or NEMA TC 6 Type EB
6.2.2 Direct Buria

UL 651 Schedule 40 for light surface | oading and Schedul e 80 where
vehicular traffic is expected, or NEMA TC 6 Type DB

6.3 Condui t Seal i ng Conpound

Compounds for sealing ducts and conduit shall have a putty-Ilike consistency
wor kabl e with the hands at tenperatures as |ow as 2 degrees C (35 degrees
F), 35 degrees F, shall neither slunp at a tenperature of 150 degrees C
(300 degrees F), 300 degrees F, nor harden materially when exposed to the
air. Conmpounds shall adhere to clean surfaces of fiber or plastic ducts;
metallic conduits or conduit coatings; concrete, nmasonry, or |ead; any
cabl e sheaths, jackets, covers, or insulation materials; and the conmon
metal s. Compounds shall forma seal wthout dissolving, noticeably
changi ng characteristics, or renmoving any of the ingredients. Conpounds
shal |l have no injurious effect upon the hands of worknmen or upon materials.

.7 MANHOLES, HANDHOLES, AND PULLBOXES

Manhol es, handhol es, and pul | boxes shall be as indicated. Strength of
manhol es, handhol es, and pul | boxes and their frames and covers shal
conformto the requirenents of |EEE C2. Precast-concrete manhol es shal
have the required strength established by ASTM C 478, ASTM C 478M  Franes
and covers shall be nmade of gray cast iron and a machi ne-fini shed seat
shall be provided to ensure a matching joint between frame and cover. Cast
iron shall conply with ASTM A 48, C ass 30B, mninum Handholes for |ow
voltage cables installed in parking lots, sidewal ks, and turfed areas shal
be fabricated froman aggregate consisting of sand and with conti nuous
woven gl ass strands having an overall conpressive strength of at |east 69
MPa (10,000 psi) 10,000 psi and a flexural strength of at |east 34.5 MPa
(5000 psi)MPa. 5,000 psi. Pullbox and handhol e covers in sidewal ks, and
turfed areas shall be of the same material as the box. Concrete pull boxes
shal | consist of precast reinforced concrete boxes, extensions, bases, and
covers.

.8 PCLES AND HARDWARE

Pol es and hardware shall be in accordance with Section 16370 ELECTRI CAL
DI STRI BUTI ON SYSTEM AERI AL.

.9 TRANSFORMERS, SUBSTATI ONS, AND SW TCHGEAR

Transformers, substations, and sw tchgear shall be of the outdoor type
havi ng the ratings and arrangenents indicated. Mediumvoltage ratings of
cable term nations shall be 5, 15, 25, or 35 kV between phases for 133
percent insulation |level as required by the Task O der

.9.1 Secondary Unit Substation

Secondary unit substations shall conply with ANSI C37.121 and shall be of
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the radial type or radial type with an outgoing section nounted integrally
on the transfornmer as required by the Task Order. Substations shall be
subassenbl ed and coordi nated by one manufacturer and shall be shipped in
conpl ete sections ready for connection at the site. Conplete sections
shal I include incomng, transforner, and outgoi ng sections and, where
practicable, shall be shipped as one unit.

.9.1.1 I ncom ng Section

Met al -encl osed interrupter sw tchgear consisting of fused, air-insulated
vacuuminsul ated or SF6-insulated, interrupters in series with automati c,
vi si bl e bl ade di sconnects shall be provided for protection of incon ng
circuits. SF6 gas shall conformto ASTM D 2472. Metal - encl osed
interrupter sw tchgear shall conply with I EEE ANSI/I| EEE C37.30 for

| oad-interrupter switches, NEMA SG 2 for power fuses, and shall be of the
out door no-aisle type that neets or exceeds the requirements of applicable
publications listed. Swtch construction shall be of the
manual | y- operat ed, "OPEN CLOSED," air-insul ated, vacuuminsul ated or
SF6-insul ated, | oad interrupter type equipped with a stored energy operator
for quick-make quick-break to make operating speeds i ndependent of manua
switch operations as required by the Task Order. \Where indicated, suitable
bus or lug connections shall be provided to nount field-installed, slip-on
medi um vol tage cable term nations for cable entering via conduit from bel ow
a flanged throat suitable for direct connection to the associ ated
transformer or a bus throat suitable for connection to the associ ated

nmet al - encl osed bus as required by the Task Order. Surge protection shal

be provided in accordance w th paragraph SURGE ARRESTERS. Swi tches shal

be of the 2-position type, open-closed. Selector switches shall be of the
singl e-conpartnent, 3-position type, Line 1 - Open - Line 2, consisting of
an interrupter switch in series with a selector switch. Duplex swtches
shal |l be of the dual conpartment type with 2 interrupter swtches.

a. Ratings. Fuse continuous current ratings shall be as indicated
for the transforner for an incomng line unit and for the line tie
unit. Unless otherw se indicated, fuses shall be of the current
l[imting type. Switch ratings at 60 Hz shall be as required by
the Task Order

b. Basic Requirenments. The electrical devices listed below shall be
rated for the application and voltage and current indicated.
Unl ess ot herwi se noted, manufacturer's standard devices shall be
provi ded and shall include the foll ow ng:

(1) A switch-operating handle with provisions for |locking in
either the open or closed position

(2) A switch nmechanical position indicator

(3) A heater continuously energized to prevent condensati on over
an anbi ent tenperature range of mnus 29 degrees C (m nus 20
degrees F) to 40 degrees C (104 degrees F) m nus 20 degrees F to
40 degrees F at 90% relative humdity and wired in series with a
cabi net door-actuated switch, so the heater is de-energized when
doors are open. Hi gh-tenperature thernmal protection shall be

i ncl uded.

(4) One-pole or 2-pole thernmal -magnetic, nol ded-case circuit
breakers suitable for the operating voltage for heater circuits.
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(5) Safety devices as necessary to ensure that the | oad
interrupter switch is in the open position whenever unit doors are
in the open position

(6) A key interlock if indicated.

(7) An interface termnal block wired for required exterior
connecti ons.

2.9.1.2 Transf ormer Section

Transformers shall have two separate w ndi ngs per phase and shall be of the
m neral oil-insulated type liquid. Transforners shall be suitable for

out door use. Liquid-insulated transformers shall conmply with | EEE
ANSI /| EEE C57.12.00, ANSI C57.12.13, and ANSI C57.12.27, and shall have two
2-1/2 percent full capacity taps above and two 2-1/2 percent full capacity
taps below rated voltage. Transforners shall be of the seal ed tank type
construction with wel ded-on cover. High-voltage term nals shall be
provided in an air termnal chanber for incomng top or bottomentry
cables, for direct connection to the incomng |ine section as required by
the Task Order. Lowvoltage terminals shall be provided in an air termna
chanmber for incomng top or bottomentry cables, for direct connection to

t he out goi ng swi tchgear section or bus duct as required by the Task Order
Lowvoltage termnals shall be on the left or right as required by the Task
Order when facing the front, accessory side of the transfornmer. Provision
shall be made for the future addition of forced air cooling equipnment. The
transformer bushings, |eads, and other components shall be designed to
carry the increased load. A top liquid thermoneter for control of future
fans shall be furnished. Provision for future nmounting of fans, conduit,
and term nal box shall be provided. Transformer accessories and ratings at
60 Hz shall be as required by the Task O der

Accessori es:
a. drain and filter connection.
b. filling and top filter press connection
C. pressure-vacuum gauge
d. dial type thernmoneter with alarm contacts.

e. magnetic liquid level indicator with high and | ow | evel alarm
contacts.

f. pressure relief device with alarm contacts.
g. ground connection pad.
h. provision for jacking, lifting, and tow ng.

i. diagramand rating nanepl ate.

2.9.1.3 I ntegral Qutgoing Section

I ntegral outgoing section shall be of the busway throat conpartnent,
dead-front distribution panel board/sw tchboard or netal -encl osed switchgear
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type as required by the Task Order. Each circuit breaker and auxiliary
conpartnment shall have a suitable nmetal or |amnated plastic nameplate with
white cut letters at least 6.4 nm (1/4 inch) 1/4 inch high on contrasting
backgrounds identifying the breaker unit and/or circuit nunber.

a. Busway Throat Conpartnent Type: Qutgoing section shall consist of
an encl osure contai ning netering devices on the main secondary
circuit and connections fromtransformer termnals to suitable
busway throats provided for connections to busway installations
entering fromabove or as shown. Connection to porcel ai n bushi ngs
shall be made with flexible junpers.

b. Dead-Front Distribution Panel board/ Switchboard Type: Qutgoing
section shall be of the panel board/sw tchboard type nounted
integrally with the transforner and shall consist of netering
devices and main and branch circuit breakers nmounted in
panel boar d/ swi t chboard encl osures. Panel boards shall conply with
NEMA PB 1. Switchboards shall conply with NEMA PB 2. Ml ded- case
and | owvol tage power circuit breakers shall conmply w th paragraph
METERI NG AND PROTECTI VE DEVI CES. Plug-in type circuit breakers
are not acceptable. Directories to indicate |oads served by each
circuit shall be typed and nounted in hol ders provided on
panel board doors behind protective coverings.

c. Metal-Enclosed Swi tchgear Type: Qutgoing section shall be of the
nmet al - encl osed drawout circuit breaker type, in accordance with
| EEE ANSI /I EEE C37.20.1 and NEMA SG 5. Low voltage power circuit
breakers shall conmply with the requirenments of paragraph METERI NG
AND PROTECTI VE DEVI CES.

d. Metering: The main secondary bus of each outgoing section
assenbly shall include a watthour demand neter with the necessary
instrunment transformers, and VT and CT test blocks. Metering
shal |l be as specified in paragraph METERI NG AND PROTECTI VE DEVI CES.

e. Gound Fault Protection: Gound fault protection shall be
provided utilizing sensors of the zero-sequence type or by the
resi dual connection of phase and neutral current sensors. G ound
fault settings shall be as determ ned by the coordination study.

.9.1.4 Noni nt egral (Cabl e Conpartnent) Qutgoing Section

A cabl e conpartnment shall be provided on the transformer for cable
connections as shown. Canmp type termnations for cables entering from

bel ow or above as required by the Task Order shall be provided for
connection to the transformer bushings. Canmp type cable termnations,

sui tabl e for copper conductors, shall be provided to match circuit breakers.

.9.2 Pad- Mount ed Transforners

Pad- mount ed transforners shall conply with ANSI C57.12.26 and shall be of
the radial or loop feed type as required by the Task Order. Pad-nounted
transformer stations shall be assenbl ed and coordi nated by one manufacturer
and each transforner station shall be shipped as a conplete unit so that
field installation requirements are limted to nmounting each unit on a
concrete pad and connecting it to primary and secondary lines. Stainless
steel pins and hinges shall be provided. Barriers shall be provided

bet ween hi gh- and | owvol tage conmpartnments. High-voltage conpartnent doors
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shall be interlocked with | ow voltage conpartnent doors to prevent access
to any high-voltage section unless its associated | owvoltage section door
has first been opened. Conpartnents shall be sized to nmeet the specific
di mensi onal requirenments of ANSI C57.12.26. Pentahead | ocking bolts shal
be provided with provisions for a padl ock

2.9.2.1 H gh- Vol t age Conpartnents

The hi gh-vol tage conpartnent shall be dead-front construction. Primary
swi tching and protective devices shall include | oadbreak switching,
drawout, dry-well-mounted, current-limting fuses, nediumvoltage separable
| oadbr eak connectors, universal bushing wells and inserts or integral one
pi ece bushings and surge arresters. Fuses shall conply with the

requi renents of paragraph METERI NG AND PROTECTI VE DEVI CES. The switch
shal |l be nounted inside transforner tank with switch operating handl e

| ocated in high-voltage conpartnent and equi pped with netal | oop for hook
stick operation. Fuses shall be interlocked with switches so that fuses
can be renoved only when the associated switch is in the "OPEN' position.
Adj acent to nmedi um vol tage cabl e connections, a nanepl ate or equival ent
stencilled inscription shall be provided inscribed "DO NOT OPEN CABLE
CONNECTORS UNLESS SWTCH IS OPEN." Surge arresters shall be fully

i nsul ated and configured to term nate on a second set of high voltage
bushi ngs.

2.9.2.2 Load- Break Switch

Radi al -feed oil-imersed type rated at 15 or 35 kV, 95 or 200 kV BIL, with
a continuous current rating and | oad-break rating of 200 anpere, and a
make- and-latch rating of 10,000 rns anperes symetrical. Locate the switch
handl e i n the high-voltage conpartnent.

Loop feed sectionalizer switches: Provide three, two-position

oi | -imrersed type switches to pernmt closed transition |oop feed and
sectionalizing. Each switch shall be rated at 15 or 35 kV, 95 or 200 kV
BIL, with a continuous current rating and | oad-break rating of 200 anperes,
and a make-and-latch rating of 10,000 rmns anperes symretrical. Locate the
switch handle in the high-voltage conpartnment. Operation of swtches shal
be as foll ows:

ARRANGENMENT DESCRI PTI ON OF SW TCH PCsSI TI ON
# SW TCH LINE A SW LINE B SW XFMR SW
ARRANGENMENT OPEN CLCSE OPEN CLCSE OPEN CLCSE
1 Li ne A connected to X X X

Li ne B and both
| i nes connected to
t ransf or mer

2 Transf ormer connect ed X X X
to Line A only

3 Transf ormer connect ed X X X
to Line B only

4 Transf or mer open and X X X
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ARRANGEMENT  DESCRI PTI ON OF SW TCH PGCsI TI ON
# SW TCH LINE A SW LINE B SW XFMR SW
ARRANGEMENT OPEN CLGCSE OPEN CLGCSE OPEN CLGCSE
| oop cl osed

5 Transf or mer open and X X X
| oop open

2.9.2.3 Transformer Tank Secti ons

Transfornmers shall conply with | EEE ANSI/ | EEE C57.12. 00, ANSI C57.12.21
and ANSI C57.12.26 and shall be of the mneral oil-insulated type.
Transfornmers shall be suitable for outdoor use and shall have 2 separate
wi ndi ngs per phase. Standard NEMA primary taps shall be provided. Were
primary taps are not specified, 2-1/2 percent rated kVA high-vol tage taps
shal |l be provided 2 above and 2 below rated, prinmary voltage. Operating
handl es for primary tap changers for de-energi zed operation shall be

| ocated within high-voltage conpartnments, externally to transfornmer tanks.
Adj acent to the tap changer operating handle, a nanepl ate or equival ent
stenciled inscription shall be provided and inscribed "DO NOT OPERATE UNDER
LOAD. " Transforner ratings at 60 Hz shall be as required by the Task Order

2.9.2.4 Low Vol t age Cabl e Conpartnents

Neutrals shall be provided with fully-insul ated bushings. d anp type cable
term nations, suitable for copper conductors entering from bel ow, shall be
provi ded as necessary.

2.9.2.5 Accessori es

H gh-vol t age warni ng signs shall be permanently attached to each side of
transfornmer stations. Voltage warning signs shall conply with | EEE C2.
Copper-faced steel or stainless steel ground connection pads shall be
provided in both the high- and | owvoltage conpartnments. Dial-type

t hermoneter, |iquid-Ievel gauge, and drain valve with built-in sanpling
device shall be provided for each transformer station

I nsul at ed- bushi ng-type parki ng stands shall be provi ded adjacent to each
separ abl e | oad-break el bow to provide for cable isolation during
sectionalizing operations.

2.9.3 Busways

Busways shall comply with NEMA BU 1 and UL 857 and shall be of the voltage,
phase, and continuous current ratings indicated. Neutrals shall be ful
size. Busways shall have short-circuit ratings not |ess than the maxi mum
short-circuit currents of associated transforners, assum ng primary sources
of infinite capacity. Busways shall be feeder-|owinpedance type and of
out door or indoor service construction as suitable to the |ocation

Busways shall be conmplete with el bows, fittings, flanges, end-closures,
tees, crosses, cable-tap boxes, accessories, and other devices required for
the indicated installation, and shall be coordinated for connection to the
i ndi cated equi pnent. For wet/danmp | ocations, bus duct shall be heated,
nonventil ated encl osure, nonsegregated phase type in accordance with | EEE
ANSI /| EEE C37.23. Detail drawi ngs for busway supports and bracing shall be
submtted in accordance with the detail draw ngs portion of paragraph
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SUBM TTALS and shall indicate that busways are adequately supported for
seismc zone 4.

2.9.4 Pad- Mount ed, Metal - Encl osed, Swi t chgear

The switchgear shall be configured with 2 incom ng conpartnents for

| oop-feed arrangenment and one incom ng conpartnent for radial-feed,

equi pped with air-insulated, |oad-interrupter switches; oil-insul ated,

| oad-interrupter switches or SF6-insul ated, |oad-interrupter swtches, as
required by the Task Order. The outgoing conpartnents shall be provided

wi th fused di sconnects or non-recl osing vacuumtype interrupters or circuit
breakers, as required by the Task Order

2.9.4.1 Ratings at 60 Hz shall as required by the Task Order
2.9.4.2 Operators, Devices, and Controls
Qperators and controls shall be provided for the switchgear as foll ows:

a. Switches shall be provided with a manual, handl e-type operator or
a push-button nechanical spring tripping nechanism utilizing a
store-energy (spring-driven) nechanismto sinmultaneously open or
close all phases. The switchgear shall be configured so that the
switch actuator is padl ockable, but may be accessed w t hout
opening the switch conpartnment doors.

b. Fused di sconnects shall be hook-stick operated.

c. Switches shall be provided with an automatic switch operator
configured for local and renote opening and cl osing. An actuator
chargi ng notor shall be provide which operates at 120 V ac.

Swi tches shall be provided with renote telenetry units (RTUs) for
renote operation and integration with supervisory, control, and
data acquisition systens. Systens, conponents, and equi pnment
shall conformto the requirements and recomendati ons of | EEE
ANSI /| EEE C37. 1.

d. Vacuumtype interrupters shall be provided with an electronic
controller for trip initiation. Manual trip initiation shall be
provi ded by a push button or switch. Automatic trip shall be
initiated by detection of excessive current. The electronic
controller shall provide trip current selection capability
according to present time-current response curves, as indicated.
Each interrupter shall be provided with a 3 phase, gang-operated
handl e nechanismfor trip and reset.

2.9.4.3 Encl osur es

Swi t chgear encl osures shall be of freestanding sel f-supporting construction
provided with separate incom ng and outgoi ng conpartnents configured for
bottom cable entry. Enclosures shall be of deadfront construction

provided with a hinged door for access to each conpartnent, and conformto
the requirements of ANSI C57.12.28, ANSI C37.72, and | EEE ANSI/ | EEE C37. 20. 3,
Category A.

2.9.5 Pad- Mount ed Sectionalizers
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Pad- mount ed, sectionalizing switches shall conformto the requirenents of

| EEE ANSI /I EEE C37.63. The switchgear shall be configured with 2 incom ng
conpartnments for |oop-feed arrangenent, one incom ng conpartnent for
radi al -feed equi pped with air-insulated, |oad-interrupter swtches;
oil-insulated, load-interrupters switches or SF6-insul ated | oad-interrupter
swi tches, as required by the Task Order. The outgoing conpartments shal

be provided with non-recl osing sectionalizers.

.9.5.1 Ratings shall be as required by the Task Order
.9.5.2 Encl osur es

Swi t chgear encl osures shall be of freestanding sel f-supporting construction
provided with separate incom ng and outgoi ng conpartnents configured for
bottom cable entry. Enclosures shall be of deadfront construction

provided with a hinged door for access to each conpartnent, and conformto
the requirements of ANSI C57.12.28, ANSI C37.72, and | EEE ANSI/ | EEE C37. 20. 3,
Cat egory A.

.9.6 Cabl e Term nati ng Cabi nets

Cabl e term nati ng cabi nets shall be hook-stick operabl e, deadfront
construction conforming to the requirenents of | EEE ANSI/ | EEE C37. 20. 3,
Category A. Cabinets shall be provided with 200 A | oadbreak junctions and
el bowtype separabl e | oadbreak connectors, cable parking stands, and
growi ng lugs. The cable term nating equi prents shall conformto |IEEE Std
386.

Ratings at 60 Hz shall be as required by the Task O der
.10 METERI NG AND PROTECTI VE DEVI CES
.10.1 Circuit Breakers, Low Voltage
.10.1.1 Low Vol tage Power Circuit Breakers
a. Construction

Low vol tage power circuit breakers shall conformto | EEE ANSI/I EEE C37. 13,
ANSI C37.16, and NEMA SG 3 and shall be three-pole, single-throw, stored
energy, manually or electrically operated as required by the Task Order

wi th drawout nounting. Solid-state trip elenents which require no externa
power connections shall be provided. Gircuit breakers shall have an
open/ cl ose contact indicator, primary di sconnect devices, and a nechani ca
interlock to prevent maki ng or breaking contact of primary disconnections
when the circuit breaker is closed. Control voltage shall be 120 V ac.
The circuit breaker enclosure shall be suitable for its intended |ocation

b. Ratings

Vol tage ratings shall be not less than the applicable circuit voltage.
Circuit breakers shall be rated for 100 percent continuous duty and shal
have trip current ratings and frane sizes as shown. Nom nal voltage
ratings, maxi mum continuous-current ratings, and nmaxi mum short-circuit
interrupting ratings shall be in accordance with ANSI C37.16. Tri pping
features shall be as foll ows:
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1. Long-time current pick-up, adjustable from50 percent to 100
percent of sensor current rating.

2. Adjustable long-tine del ay.

3. Short-tine current pick-up, adjustable from1.5 to 9 tines
long-tine current setting.

4. Adjustable short-tinme del ay.
5. Short-time 12t switch

6. Instantaneous current pick-up, adjustable from1.5 to 9 tines
long-tine current setting.

7. Gound-fault pick-up, adjustable from 20 percent to 60 percent
of sensor rating, but in no case greater than 1200 anperes.
Sensing of ground-fault current at the main bonding junper or
ground strap shall not be permtted. Zone-selective interlocking
shal | be provided as shown.

8. Adjustable ground-fault delay.

9. Gound-fault 2t swtch.

10. Overload and short-circuit and ground-fault trip indicators
shal | be provided.

.10.1.2 Mol ded- Case Circuit Breakers

NEMA AB 1 and UL 489.

.10.2 Fuses, Medium Vol tage, Including Current-Limting
.10.2.1 Construction

Units shall be suitable for outdoor use. Fuses shall have integra
bl owmn-fuse indicators. Al ratings shall be clearly visible.

.10.2.2 Rat i ngs

Expul sion-type or Current-limting power fuses shall have ratings in
accordance with ANSI C37.46 and as required by the Task Order

.10.2.3 E-Rated, Current-Limting Power Fuses
E-rated, current-limting, power fuses shall conformto ANSI C37.46
.10.2.4 C-Rated, Current-Limting Power Fuses

Crated, current-limting power fuses shall open in 1000 seconds at
currents between 170 and 240 percent of the C rating.

.10.3 Fuses, Low Voltage, Current-Limting

.10.3.1
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Low vol tage fuses shall conformto NEMA FU 1. Tine delay and nontine del ay
options shall be as required by the Task Order. Equi pnent provi ded under
this contract shall be provided with a conplete set of properly rated fuses
when the equi prent manufacturer utilizes fuses in the manufacture of the
equi prent, or if current-limting fuses are required to be installed to
l[imt the anpere-interrupting capacity of circuit breakers or equipnent to
| ess than the maxi mum avail able fault current at the |ocation of the

equi prent to be installed. Fuses shall have a voltage rating of not |ess
than the phase-to-phase circuit voltage, and shall have the time-current
characteristics required for effective power system coordination

.10.3.2 Cartridge Fuses

Cartridge fuses, current-limting type, dass as specified shall have
tested interrupting capacity not |ess than 200,000 anperes. Fuse hol ders
shall be the type that will reject Cass H fuses.

a. Cass G J, L, CCfuses shall conformto UL 198C
b. dass K fuses shall conformto UL 198D
c. Cass R fuses shall conformto UL 198E
d. Cdass T fuses shall conformto UL 198H
.10.3.3 Transformer Grcuit Fuses

Transformer circuit fuses shall be Cass RKL or RK5, current-limting,
ti me-delay with 200,000 anperes interrupting capacity.

.10. 4 I nstrunent Transforners
.10. 4.1 CGener a

Instrument transformers shall conmply with ANSI C12.11 and | EEE ANSI /| EEE
C57.13. Instrunent transforners shall be configured for nounting in/on the
device to which they are applied. Polarity marks on instrunent
transformers shall be visually evident and shown on draw ngs.

.10.4.2 Current Transforners

Unl ess ot herwi se indicated, bar, wound, or w ndowtype transformers are
accept abl e; and except for wi ndowtype units installed over insul ated
buses, transforners shall have a BIL rating consistent with the rated BIL
of the associated switchgear or electric power apparatus bushings, buses or
conductors. Current transformers shall have the indicated ratios. The
continuous thermal -current rating factor shall not be less than 1.0. O her
thermal and mechanical ratings of current transforners and their primry

| eads shall be coordinated with the design of the circuit breaker and shal
be not |less than the nonentary rating of the associated circuit breaker
Circuit protectors shall be provided across secondary |eads of the current
transformers to prevent the accident open-circuiting of the transforners
whi | e energi zed. Each term nal of each current transformer shall be
connected to a short-circuiting termnal block in the circuit interrupting
mechani sm cabi net, power transforner term nal cabinet, and in the

associ ated instrunent and rel ay cabinets.
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2.10.4.3 Current Transforners for Power Transforners

Single-ratio or Miulti-ratio bushing type current transformers shall be
provided internally around power transforner bushings as required by the
Task Order. Single-ratio units shall have a m ni mumrel ayi ng accuracy
class of 0.6B-0.5 or 0.3B-0.5 as required by the Task Order. Milti-ratio
units shall have a mninumrel ayi ng accuracy voltage class for either a C
or T classification.

2.10.4. 4 Current Transformers for Metal-Encl osed Sw t chgear

Single-ratio units, used for nmetering and rel ayi ng, shall have a netering
accuracy class rating as required by the Task Order. Single-ratio units,

used only for relaying, shall have a relaying accuracy class rating of for
either a Cor T classification.

2.10.4.5 Current Transfornmers for Kwh and Demand Metering (Low Voltage)

Current transfornmers shall conformto | EEE ANSI/ | EEE C57.13. Provide
current transformers with a netering accuracy Class as required by the Task
Order, with a minimumRF as required by the Task Order at 30 degrees C

wi th 600-volt insulations, and 10 kV BIL. Provide butyl -nol ded,

wi ndowtype current transformers nounted on the transformer |ow voltage
bushings. Route current transforner leads in a location as renote as
possi bl e fromthe power transformer secondary cables to permt current
nmeasurenents to be taken w th hook-on-ameters.

2.10.4.6 Voltage Transforners

Vol tage transforners shall have indicated ratios. Units shall have an
accuracy class rating as required by the Task Order. Voltage transforners
shal |l be of the drawout type having current-limting fuses in both primry
and secondary circuits. Mechanical interlocks shall prevent renoval of
fuses, unless the associated voltage transforner is in a drawout position
Vol t age transforner conpartments shall have hi nged doors.

2.10.5 Watt hour Meters

Watt hour meters shall conply with ANSI C12.1 and ANSI Cl12. 10, except that
nunbered term nal wring sequence and case size may be the manufacturer's
standard. Watthour meters shall be of the drawout sw tchboard type havi ng
a 15 mnute, cunmulative form demand regi ster neeting ANSI Cl2.4 and
provided with not less than 2-1/2 stators. Watthour demand neters shal
have factory-installed electronic pulse initiators nmeeting the requirenents
of ANSI Cl2.1. Pulse initiators shall be solid-state devices incorporating
light-emtting di odes, phototransistors, and power transistors, except that
mercury-wetted output contacts are acceptable. Initiators shall be totally
contai ned within watthour demand neter enclosures. They shall be capable
of operating at speeds up to 500 pul ses per mnute with no fal se pul ses,
and they shall be factory calibrated with no field adjustnments being
required. Initiators shall be calibrated for a pulse rate output of 1
pul se per 1/4 disc revolution of the associated neter and shall be

conpati ble with the indicated equi pnent.

2.10.6 Protective Rel ayi ng

2.10.6.1 CGener a

Page 27



Solid-state or M croprocessor-based protective relays shall be provided as
shown and shall be of a type specifically designed for use on power

swi tchgear or associated electric power apparatus. Protective relays shal
conformto | EEE ANSI/ I EEE C37.90. Relays and auxiliaries shall be suitable
for operation with the instrunent transforner rati os and connecti ons

provi ded.

.10.6.2 Construction

Rel ays shal |l be dustproof and noisture resistant. Necessary test devices
shal |l be incorporated within each relay and shall provide a neans for
testing either froman external source of electric power or from associ ated
instrument transformers. Each relay shall be provided with an operation

i ndi cator and an external target reset device. Relays shall have necessary
auxiliaries for proper operation. Relays and auxiliaries shall be suitable
for operation with the instrunent transforner rati os and connecti ons

provi ded.

.10.6.3 Rat i ngs

Rel ays shall be the manufacturer's standard itens of equi prment with
appropriate ranges for tine dial, tap, and other settings. Relay device
nunbers shall correspond to the function names and descriptions of |EEE
ANSI /| EEE C37. 2.

11 SURCGE ARRESTERS

Surge arresters shall conply with NEMA LA 1, |EEE C62.1, |EEE C62.2, and

| EEE C62.11 and shall be provided where indicated. Arresters shall be
station, internediate or distribution class as required by the Task Order
rated as shown. Arresters for use at elevations in excess of 1.8 km (6000
feet) 6000 feet above nean sea |level shall be specifically rated for that
purpose. Arresters shall be equi pped with nmounting brackets suitable for
the indicated installations. Arresters shall be of the netal-oxide
varistor type

.12 GROUNDI NG AND BONDI NG
.12.1 Driven G ound Rods

G ound rods shall be copper-clad steel conformng to UL 467 not |ess than
19 mm (3/4 inch) 3/4 inch] in dianeter by 3.1 m (10 feet) 10 feet in
I ength. Sectional type rods may be used.

.12.2 G oundi ng Conduct ors

G oundi ng conductors shall be bare, except where installed in conduit with
associ at ed phase conductors. Insulated conductors shall be of the sane
mat eri al as phase conductors and green col or-coded, except that conductors
shall be rated no nore than 600 volts. Bare conductors shall be ASTM B 8
soft-drawn unl ess otherw se indicated. Alum numis not acceptable.

.13  CONCRETE AND RElI NFORCEMENT
Concrete work shall have m ni mum 20 MPa 3000 psi conpressive strength and

conformto the requirenents of Section 03300 CAST-I N PLACE STRUCTURAL
CONCRETE. Concrete reinforcing shall be as specified in Section 03200
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CONCRETE REI NFORCEMENT.

.14 PADLOCKS

Padl ocks shall conformto ASTM F 883, as required by the Task Order
.15 CABLE FI REPROOFI NG SYSTEMS

Cable fireproofing systenms shall be listed in FM P7825a as a
fire-protective coating or tape approved for grouped el ectrical conductors
and shall be suitable for application on the type of mediumvoltage cables
provided. After being fully cured, materials shall be suitable for use
where exposed to oil, water, gases, salt water, sewage, and fungus and
shal |l not damage cable jackets or insulation. Asbestos materials are not
accept abl e.

.15.1 Fi reproof Coating

Cabl e fireproofing coatings shall be conmpounded of water-based

t her mopl astic resins, flame-retardant chem cals, and inorganic
nonconbusti bl e fibers and shall be suitable for the application nethods
used. Coatings applied on bundled cables shall have a derating factor of
less than 5 percent, and a dielectric strength of 95 volts per m | m nimm
after curing.

.15.2 Fi reproofing Tape

Fireproofing tape shall be at least 50 nm (2 inches) 2 inches w de and
shall be a flexible, confornmable, polyneric, elastoner tape designed
specifically for fireproofing cables.

.15.3 Pl astic Tape

Preapplication plastic tape shall be pressure sensitive, 0.254 mm (10 m )
10 m| thick, conform ng to UL 510.

.16 LI QUI D DI ELECTRI CS

Liquid dielectrics for transforners, capacitors, reclosers, and other
liquid-filled electrical equipnment shall be non-polychlorinated biphenyl
(PCB) mineral-o0il or less-flammable |iquid as specified. Nonflammable
fluids shall not be used. Tetrachl oroethyl ene (perchloroethylene) and 1

2, 4 trichl orobenzene fluids shall not be used. Liquid dielectrics in
retrofitted equi pment shall be certified by the manufacturer as having | ess
than 2 parts per mllion (ppm) PCB content. 1In lieu of the manufacturer's
certification, the Contractor nmay submit a test sanple of the dielectric in
accordance with ASTM D 923 and have tests perforned per ASTM D 4059 at a
testing facility approved by the Contracting O ficer. Equipnment with test
results indicating PCB | evel exceeding 2 ppmshall be repl aced.

.17 FACTORY TESTS

Factory tests shall be performed, as follows, in accordance with the
applicabl e publications and with other requirenents of these
specifications. The Contracting Oficer shall be notified at |east 10 days
before the equipment is ready for testing. The Contracting Oficer
reserves the right to witness the tests.
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a. Transformers: Manufacturer's standard routine, design and
other tests in accordance with | EEE ANSI/I EEE C57.12. 00.

b. Transforners rated 200 kVA and above: Reduced full-wave,
chopped-wave, and full-wave inpul se test on each |line and neutral
termnal, in accordance with | EEE ANSI/ | EEE C57. 98.

c. Hgh-Voltage Air Switches: Manufacturer's standard tests in
accordance with | EEE ANSI/| EEE C37.34 and | EEE ANSI/| EEE C37. 41.

d. Protective Relays: Seismc tests in accordance with | EEE
ANSI /| EEE C37.98. Surge withstand tests in accordance with | EEE
ANSI / | EEE C37.90. 1.

e. Relaying Current Transformers: Manufacturer's standard tests in
accordance with | EEE ANSI /| EEE C57. 13.

f. Instrument Current Transfornmers: Manufacturer's standard tests in
accordance with | EEE ANSI /| EEE C57. 13.

g. Factory Preforned Term nations: Wt wthstand voltage tests in
accordance with | EEE Std 48 for the next higher BIL |evel.

h. Qutdoor Swi tchgear: Manufacturer's standard tests in accordance
with | EEE ANSI/I EEE C37.20.1, |EEE ANSI/IEEE C37.20.2, and | EEE
ANSI / | EEE C37. 20. 3.

i. Electrical Power Insulators: Munufacturer's standard tests in
accordance with ANSI C29. 1.

2.18 FENCI NG
Fencing shall conformto the requirenents of Section 02821 FENCI NG
2.19  COORDI NATED POAER SYSTEM PROTECTI ON

Anal yses shall be prepared to denonstrate that the equi pnent sel ected and
system constructed neet the contract requirements for equipnment ratings,
coordi nation, and protection. They shall include a |load flow analysis, a
fault current analysis, and a protective device coordi nation study. The
studi es shall be perfornmed by a registered professional engineer with
denonstrated experience in power systemcoordination in the |ast three
years. The Contractor shall provide a list of references conplete with
poi nts of contact, addresses and tel ephone nunbers. The selection of the
engi neer is subject to the approval of the Contracting Oficer

2.19.1 Scope of Anal yses
The fault current analysis, and protective device coordinati on study shall
begin at: the source bus and extend down to system bused where fault
availability is 10,000 anperes (symetrical) for building/facility 600 volt
[ evel distribution buses.

2.19.2 Determ nation of Facts

The tine-current characteristics, features, and naneplate data for each
exi sting protective device shall be determ ned and docunented. The
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Contractor shall coordinate with the local utility for fault current
availability at the site. The Contractor shall utilize the fault current
availability indicated as a basis for fault current studies.

2.19.3 Si ngl e Li ne Di agram

A single line diagramshall be prepared to show the electrical system
buses, devices, transformation points, and all sources of fault current

(i ncluding generator and notor contributions). A fault-inpedance di agram
or a conputer analysis diagram may be provided. Each bus, device or
transformati on point shall have a unique identifier. |If a fault-inpedance
diagramis provided, inpedance data shall be shown. Locations of sw tches,
breakers, and circuit interrupting devices shall be shown on the diagram
together with available fault data, and the device interrupting rating.

2.19.4 Fault Current Analysis
2.19.4.1 Met hod

The fault current analysis shall be performed in accordance with methods
described in I EEE Std 242, and |IEEE Std 399.

2.19.4.2 Dat a

Actual data shall be utilized in fault calculations. Bus characteristics
and transforner inpedances shall be those proposed. Data shall be docunent
in the report.

2.19.5 Coor di nated St udy

The study shall denonstrate that the maxi mum possi bl e degree of selectively
has been obtai ned between devi ces specified, consistent with protection of
equi prent and conductors from damage from overl oads and fault conditions.
The study shall include a description of the coordination of the protective
devices in this project. Provide a witten narrative that describes: which
devices may operate in the event of a fault at each bus; the logic used to
arrive at device ratings and settings; situations where system coordi nation
is not achievable due to device limtations (an anal ysis of any device
curves whi ch overl ap); coordination between upstream and downstream
devices; and any relay settings. Reconmendations to inprove or enhance
systemreliability, and detail where such changes woul d invol ve additions
or nodifications to the contract and cost changes (addition or reduction)
shal | be provided. Conposite coordination plots shall be provided on the

| og-1 0og graph paper.
2.19.6 St udy Report

a. The report shall include a narrative describing: the analyses
performed; the bases and nmethods used; and the desired nethod of
coordi nated protection of the power system

b. The study shall include descriptive and technical data for
exi sting devices and new protective devices proposed. The data
shal I include manufacturers published data, nameplate data, and

definition of the fixed or adjustable features of the existing or
new protective devices.
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C. The report shall docunent utility conpany data including
system vol tages, fault MVA, system X R ratio, tine-current
characteristics curves, current transforner ratios, and rel ay
devi ce nunbers and settings; and existing power system data
including tinme-current characteristic curves and protective device
rati ngs and settings.

d. The report shall contain fully coordi nated conposite tine-current
characteristic curves for each bus in the system as required to
ensure coordi nated power system protection between protective
devices or equipnent. The report shall include recomrended
rati ngs and settings of all protective devices in tabulated form

e. The report shall provide the calculation perforned for the
anal yses, including conputer analysis progranms utilized. The nane
of the software package, devel oper, and version nunber shall be
provi ded.

PART 3 EXECUTI ON

3.

1 GENERAL | NSTALLATI ON REQUI REMENTS

Equi prent and devi ces shall be installed and energi zed in accordance with
the manufacturer's published instructions. Circuits installed aerially
shall conformto the requirements of Section 16370 ELECTRI CAL DI STRI BUTI ON
SYSTEM AERIAL. Steel conduits installed underground shall be installed
and protected fromcorrosion in conformance with the requirenments of
Section 16415 ELECTRI CAL WORK, | NTERI OR.  Except as covered herein,
excavation, trenching, and backfilling shall conformto the requirenents of
Section 02316 EXCAVATI ON, TRENCHI NG AND BACKFI LLI NG FOR UTI LI TI ES
SYSTEMS.  Concrete work shall have m ni mum 20 MPa 3000 psi conpressive
strength and conformto the requirenents of Section 03300 CAST-I N PLACE
STRUCTURAL CONCRETE

1.1 Conf ormance to Codes

The installation shall conply with the requirenments and recomendati ons of
NFPA 70 and | EEE C2 as applicable.

1.2 Verification of D nensions

The Contractor shall beconme familiar with details of the work, shall verify
dimensions in the field, and shall advise the Contracting O ficer of any
di screpancy before perform ng any work.

.1.3 Di sposal of Liquid Dielectrics

PCB- cont ami nat ed di el ectrics nmust be marked as PCB and transported to and
i nci nerated by an approved EPA waste disposal facility. The Contractor
shall furnish certification of proper disposal. Contam nated dielectrics
shall not be diluted to | ower the contam nation |evel.

.2 CABLE AND BUSWAY | NSTALLATI ON

The Contractor shall obtain fromthe nmanufacturer an installation manual or
set of instructions which addresses such aspects as cabl e construction
i nsul ation type, cable dianeter, bending radius, cable tenperature,
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[ ubricants, coefficient of friction, conduit cleaning, storage procedures,
noi sture seals, testing for and purging noisture, etc. The Contractor
shall then prepare a checklist of significant requirenents which shall be
submtted along with the manufacturers instructions in accordance wth
SUBM TTALS.

2.1 Cable Installation Pl an and Procedure

Cabl e shall be installed strictly in accordance with the cable

manuf acturer's recommendations. Each circuit shall be identified by neans
of a fiber, lam nated plastic, or non-ferrous netal tags, or approved
equal , in each manhol e, handhol e, junction box, and each term nal. Each
tag shall contain the follow ng information; cable type, conductor size,
circuit number, circuit voltage, cable destination and phase identification

.2.1.1 Cabl e I nspection

The cabl e reel shall be inspected for correct storage positions, signs of
physi cal damage, and broken end seals. |If end seal is broken, noisture
shal |l be renoved fromcable in accordance with the cabl e manufacturer's
recomendat i ons.

.2.1.2 Duct C eaning

Duct shall be cleaned with an assenbly that consists of a flexible mandre
(manuf acturers standard product in |lengths recommended for the specific
size and type of duct) that is 6.4 nm (1/4 inch) 1/4 inch |l ess than inside
di ameter of duct, 2 wire brushes, and a rag. The cleaning assenbly shal
be pulled through conduit a mnimumof 2 times or until |less than a vol une
of 131 cubic centinmeters (8 cubic inches) 8 cubic inches of debris is
expel l ed fromthe duct.

.2.1.3 Duct Lubrication

The cabl e lubricant shall be conpatible with the cable jacket for cable
that is being installed. Application of |ubricant shall be in accordance
with [ubricant manufacturer's reconmendati ons.

.2.1.4 Cable Installation

The Contractor shall provide a cable feeding truck and a cable pulling

wi nch as required. The Contractor shall provide a pulling grip or pulling
eye in accordance with cable manufacturer's recomendati ons. The pulling
grip or pulling eye apparatus shall be attached to pol ypropyl ene or manill a
rope foll owed by lubricant front end packs and then by power cables. A
dynanoneter shall be used to nonitor pulling tension. Pulling tension
shall not exceed cabl e manufacturer's reconmendations. The Contractor
shall not allow cables to cross over while cables are being fed into duct.
For cable installation in cold weather, cables shall be kept at 10 degrees
C (50 degrees F) 50 degrees F tenperature for at |east 24 hours before
installation.

.2.1.5 Cable Installation Plan
The Contractor shall submt a cable installation plan for all cable pulls

in accordance with the detail draw ngs portion of paragraph SUBM TTALS.
Cable installation plan shall include:
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3.

a. Site layout drawing with cable pulls identified in nuneric
order of expected pulling sequence and direction of cable pull.

b. List of cable installation equipnent.
c. Lubricant manufacturer's application instructions.

d. Procedure for resealing cable ends to prevent noisture from
entering cable.

e. Cable pulling tension calculations of all cable pulls.
f. Cable percentage conduit fill.
g. Cable sidewall thrust pressure.

h. Cabl e m ni mum bend radi us and mi ni mum di ameter of pulling wheels
used.

i. Cable jamratio.

j. Maximum al | owabl e pulling tension on each different type and size
of conductor.

k. Maxi mum al | owabl e pulling tension on pulling device.
2.2 Duct Line

Cabl es shall be installed in duct lines where indicated. Cable splices in
| owvol tage cabl es shall be nmade in nanhol es and handhol es only, except as
otherwi se noted. Cable joints in mediumvoltage cables shall be made in
manhol es or approved pul | boxes only. Neutral and groundi ng conductors
shall be installed in the same duct with their associ ated phase conductors.

.2.3 Direct-Buri al

Cabl es shall be buried directly in the earth as indicated. M ninum cover
fromthe top of a cable to finished grade shall be 610 nm 24 inches, but
not less than the depth of the frost |ine.

.2.3.1 Tr enchi ng

Trenches for direct-burial cables shall be excavated to depths required to
provi de the m ni mum necessary cable cover. Bottons of trenches shall be
snooth and free of stones and sharp objects. Were bottons of trenches
conprise materials other than sand, a 75 nm 3 inch | ayer of sand shall be
laid first and conpacted to approximate densities of surrounding firmsoil.

.2.3.2 Cabl e Buri al

Cabl es shall be unreeled along the sides of or in trenches and carefully
pl aced on sand or earth bottonms. Pulling cables into direct-burial
trenches froma fixed reel position will not be permtted, except as
required to pull cables through conduits under paving or railroad tracks.
VWere cables cross, a separation of at |least 75 mm 3 inches shall be
provi ded, unless each cable circuit is protected by a nonnetallic conduit
sl eeve at the crossing. Were single-conductor cable is installed, all 3
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phases and the neutral shall be installed in the same sleeve. Bend radius

of any cable shall be not |less than 12 tinmes the dianmeter of the cable. In
no case shall cables be Ieft under |ongitudinal tension. The first 150 mm
6 inch [ayer of backfill shall be of sand. Machi ne conpaction shall not be

used within 150 mm 6 i nches of the cable.
.2.3.3 O her Requirenents

VWhere direct-burial cables cross under roads or other paving exceeding 1.5 m
5 feet in width, such cables shall be installed in concrete-encased ducts.
VWere direct-burial cables cross under railroad tracks, such cables shal
be installed in reinforced concrete-encased ducts. Ducts shall extend at
| east 300 nm 1 foot beyond each edge of any paving and at least 1.5 m5 feet
beyond each side of any railroad tracks. Cables nay be pulled into duct
froma fixed reel where suitable rollers are provided in the trench. Were
direct burial cable transitions to duct-enclosed cable, direct-burial
cabl es shall be centered in duct entrances, and a waterproof nonhardening
masti c conmpound shall be used to facilitate such centering. [If paving or
railroad tracks are in place where cables are to be installed, coated rigid
steel conduits driven under the paving or railroad tracks may be used in
lieu of concrete-encased ducts. Damage to conduit coatings shall be
prevented by providing ferrous pipe jackets or by predrilling. Where cuts
are made in any paving, the paving and subbase shall be restored to their
original condition.

.2.3.4 Medi um Vol t age Cabl e Joints or Low Voltage Cable Splices

Cable joints or splices in direct-burial cables are not pernmitted in runs of
305 m 1000 feet or less, nor at intervals of |ess than 305 m 1000 feet in

| onger runs, except as required for taps. Locations of cable joints or
splices in shorter intervals, where required to avoid obstructions or

damage to cables, shall be approved. Cable joints or splices in direct
burial installations shall be installed in above-ground junction boxes or

in cast nmetal splice boxes suitable for direct burial use. Cable joints or
splices in duct banks shall be made only in manhol es, handhol es, or

pul | boxes.

.2.3.5 Cabl e Markers

Markers shall be |l ocated near the ends of cable runs, at each cable joint
or splice, at approximately every 150 m 500 feet along cable runs, and at
changes in direction of cable runs. In addition to markers, a 0.127 mm (5
ml), 5 ml, brightly colored plastic tape not less than 75 mm (3 inches) 3
inches in width and suitably inscribed at not nore than 3 m (10 feet) 10
feet on centers, or other approved dig-in warning indication, shall be

pl aced approximately 300 mm 12 i nches bel ow fi ni shed grade | evel s of
trenches.

.2.4 I nsect and Rodent Danage

Ani mal guards shall be installed as shown. Buried fiberglass pads shall be
installed as shown.

.2.5 El ectri c Manhol es

Cabl es shall be routed around the interior walls and securely supported
fromwalls on cables racks. Cable routing shall mnimze cable crossover,
provi de access space for maintenance and installation of additional cables,
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and maintain cable separation in accordance with | EEE C2.
.2.6 Busway Installation

Busways penetrating walls shall have wall flanges installed on both
surfaces of walls. Wall openings shall be approximately 6.4 nm 1/4 inch

| arger than the busway on each of the 4 busway sides, and openings shall be
sealed with a suitable compound. Fire barriers shall be provided when
penetrating fire rated walls. Fire barriers shall have a rating equal to
the fire wall rating. A weather barrier shall be used when a busway
penetrates an exterior wall. Busways shall be supported at intervals not
exceeding 3 m10 feet and shall be braced to prevent |ateral novenent.

.3 CABLE JO NTS

Medi um vol t age cable joints shall be nmade by qualified cable splicers only.
Qualifications of cable splicers shall be submitted in accordance with

par agraph SUBM TTALS. Shields shall be applied as required to continue the
shi el ding systemthrough each entire cable joint. Shields may be
integrally nolded parts of preforned joints. Shields shall be grounded at
each joint or in accordance with manufacturer's recommended practi ce.

Cable joints shall provide insulation and jacket equivalent to that of the
associ ated cable. Arnored cable joints shall be enclosed in
conmpound-filled, cast-iron or alloy, splice boxes equipped with stuffing
boxes and arnor clanps of a suitable type and size for the cabl e being

i nstall ed.

.4 FI REPROCOFI NG

Each nedi um vol tage cabl e and conductor in manhol es shall be fire-proofed
for their entire length within the nmanhole. \Were cabl es and conductors
have been lubricated to enhance pulling into ducts, the lubricant shall be
renoved from cabl es and conductors exposed in the manhol e before
fireproofing. Fire-stops shall be installed in each conduit entering or

| eavi ng a nanhol e.

4.1 Tape Met hod

Bef ore application of fireproofing tape, plastic tape wappi ng shall be
appl i ed over exposed netallic itens such as the cable ground wire, netallic
outer covering, or arnmor to mnimze the possibility of corrosion fromthe
fireproofing materials and noisture. Before applying fireproofing tape,
irregularities of cables, such as at cable joints, shall be evened out with
insulation putty. A flexible confornmable polynmeric el astomer fireproof
tape shall be wrapped tightly around each cable spirally in 1/2 | apped
wrapping or in 2 butt-jointed wappings with the second w appi ng coveri ng
the joints of the first.

.4.2 Spr ayabl e Met hod

Manhol es shall be power ventilated until coatings are dry and dewatered and
the coatings are cured. Ventilation requirenents shall be in accordance
with the manufacturer's instruction, but not Iess than 10 air changes per
hour shall be provided. Cable coatings shall be applied by spray, brush,

or glove to a wet filmthickness that reduces to the dry filmthickness
approved for fireproofing by FM P7825a. Application nethods and necessary
safety precautions shall be in accordance with the manufacturers
instructions. After application, cable coatings shall be dry to the touch
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in1lto 2 hours and fully cured in 48 hours, except where the nmanufacturer
has stated that because of unusual hum dity or tenperature, |onger periods
may be necessary.

.5  DUCT LINES
.5.1 Requi renent s

Nunmbers and sizes of ducts shall be as indicated. Duct |ines shall be laid
with a mnimum slope of 100 mm per 30 m 4 inches per 100 feet. Depending
on the contour of the finished grade, the high-point may be at a termnal

a manhol e, a handhol e, or between nanhol es or handhol es. Short-radius
manuf act ured 90-degree duct bends may be used only for pole or equi pment
risers, unless specifically indicated as acceptable. The m ni num
manuf act ured bend radius shall be 450 mm (18 inches) 18 inches for ducts of
less than 80 mm (3 inch) 3 inch dianmeter, and 900 mm (36 inches) 36 inches
for ducts 80 mm (3 inches) 3 inches or greater in dianeter. Qherw se,

| ong sweep bends having a mnimumradius of 7.6 m25 feet shall be used for
a change of direction of nore than 5 degrees, either horizontally or
vertically. Both curved and straight sections nmay be used to form|long
sweep bends, but the maxi mum curve used shall be 30 degrees and
manuf act ured bends shall be used. Ducts shall be provided with end bells
whenever duct lines termnate in manhol es or handhol es.

.5.2 Tr eat nent

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be made with proper tools
and match factory tapers. A coupling recommended by the duct manufacturer
shal | be used whenever an existing duct is connected to a duct of different
material or shape. Ducts shall be stored to avoid warping and
deterioration with ends sufficiently plugged to prevent entry of any water
or solid substances. Ducts shall be thoroughly cleaned before being |aid.
Pl astic ducts shall be stored on a flat surface and protected fromthe
direct rays of the sun

.5.3 Concr et e Encasenent

Ducts requiring concrete encasenents shall conmply with NFPA 70, except that
el ectrical duct bank configurations for ducts 150 mm (6 inches) 6 inches in
di anmeter shall be determ ned by cal cul ati on and as shown on the draw ngs.
The separation between adjacent electric power and conmuni cation ducts
shall conformto IEEE C2. Duct |ine encasenents shall be nonolithic
construction. Were a connection is made to a previously poured
encasenent, the new encasenent shall be well bonded or doweled to the
exi sting encasenent. The Contractor shall submt proposed bondi ng net hod
for approval in accordance with the detail draw ng portion of paragraph
SUBM TTALS. At any point, except railroad and airfield crossings, tops of
concrete encasenents shall be not |ess than the cover requirenments |isted
in NFPA 70. At railroad and airfield crossings, duct |lines shall be
encased with concrete and reinforced as indicated to withstand specified
surface | oadi ngs. Tops of concrete encasenents shall be not less than 1.5 m
5 feet below tops of rails or airfield paving unless otherw se indicated.
VWere ducts are jacked under existing pavenent, rigid steel conduit will be
installed because of its strength. To protect the corrosion-resistant
conduit coating, predrilling or installing conduit inside a larger iron
pi pe sl eeve (jack-and-sleeve) is required. For crossings of existing
railroads and airfield pavenents greater than 15 m50 feet in length, the
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predrilling nmethod or the jack-and-sleeve nethod will be used. Separators
or spacing blocks shall be nmade of steel, concrete, plastic, or a

conbi nation of these materials placed not farther apart than 1.2 m4 feet

on centers. Ducts shall be securely anchored to prevent novenent during

t he pl acenent of concrete and joints shall be staggered at |east 150 nm 6
i nches vertically.

.5.4 Nonencased Direct-Buri al

Top of duct lines shall be below the frost Iine depth, but not |ess than
610 nm 24 inches bel ow fini shed grade and shall be installed with a m ni num
of 75 mm 3 inches of earth around each duct, except that between adjacent
el ectric power and comunication ducts, 300 mm 12 inches of earth is
required. Bottoms of trenches shall be graded toward manhol es or handhol es
and shall be snooth and free of stones, soft spots, and sharp objects.
VWere bottons of trenches conprise materials other than sand, a 75 mm 3 i nch
| ayer of sand shall be laid first and conpacted to approxi mate densities
of surrounding firmsoil before installing ducts. Joints in adjacent tiers
of duct shall be vertically staggered at leastl 50 nm 6 inches. The first
150 mm 6 inch |layer of backfill cover shall be sand conpacted as previously
specified. The rest of the excavation shall be backfilled and conpacted in
75 to 150 mB to 6 inch layers. Duct banks may be held in alignnent with
earth. However, high-tiered banks shall use a wooden frame or equival ent
formto hold ducts in alignnent prior to backfilling.

.5.5 Installati on of Couplings

Joints in each type of duct shall be nmade up in accordance with the
manuf acturer's recommendations for the particular type of duct and coupling
sel ected and as approved.

.5.5.1 Pl asti c Duct

Duct joints shall be made by brushing a plastic solvent cement on insides
of plastic coupling fittings and on outsides of duct ends. Each duct and
fitting shall then be slipped together with a quick 1/4-turn twi st to set
the joint tightly.

.5.6 Duct Line Markers

Duct line markers shall be provided at the ends of |ong duct |ine stubouts
or for other ducts whose |ocations are indeterm nate because of duct
curvature or termnations at conpletely bel owgrade structures. In
addition to markers, a 0.127 mm (5 ml) 5 ml brightly colored plastic
tape, not less than 75 mm (3 inches) 3 inches in width and suitably

i nscribed at not nore than 3 m (10 feet) 10 feet on centers with a
continuous netallic backing and a corrosion-resistant 0.0254 mMm (1 ml) 1
ml| metallic foil core to permt easy location of the duct line, shall be
pl aced approximately 300 nm 12 i nches bel ow fini shed grade | evels of such
li nes.

.6 MANHOLES, HANDHCOLES, AND PULLBOXES
.6.1 Cener al

Manhol es shall be constructed approxi mately where shown. The exact
| ocati on of each manhol e shall be determ ned after careful consideration
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has been given to the location of other utilities, grading, and paving.
The | ocation of each manhol e shall be approved by the Contracting Oficer
before construction of the manhole is started. Manholes shall be the type
noted on the drawi ngs and shall be constructed in accordance with the
applicable details as indicated. Top, walls, and bottom shall consist of
rei nforced concrete. Wills and bottom shall be of nonolithic concrete
construction. The Contractor nmay at his option utilize nonolithically
constructed precast-concrete manhol es having the required strength and

i nsi de dinmensions as required by the drawi ngs or specifications. |In paved
areas, frames and covers for manhol e and handhol e entrances in vehicul ar
traffic areas shall be flush with the finished surface of the paving. In

unpaved areas, the top of manhol e covers shall be approximtely 15 nm 1/2
i nch above the finished grade. Were existing grades that are higher than
fini shed grades are encountered, concrete assenblies designed for the
purpose shall be installed to elevate tenporarily the manhol e cover to

exi sting grade level. Al duct lines entering manhol es nust be installed
on compact soil or otherw se supported when entering a manhole to prevent
shear stress on the duct at the point of entrance to the manhole. Duct
lines entering cast-in-place concrete manhol es shall be cast in-place with
the manhole. Duct |lines entering precast concrete manhol es through a
precast knockout penetration shall be grouted tight with a portland cenent
mortar. PVC duct |ines entering precast manhol es through a PVC endbel
shal |l be solvent welded to the endbell. A cast netal grille-type sunp
franme and cover shall be installed over the manhol e sunp. A cable-pulling
iron shall be installed in the wall opposite each duct |ine entrance.

3.6.2 El ectri c Manhol es

Cabl es shall be securely supported fromwalls by hot-dip gal vani zed cabl e
racks with a plastic coating over the gal vani zing and equi pped with

adj ust abl e hooks and insulators. The nunber of cable racks indicated shal
be installed in each manhol e and not | ess than 2 spare hooks shall be
installed on each cable rack. Insulators shall be made of high-glazed
porcelain. Insulators will not be required on spare hooks.

3.6.3 Communi cat i ons NManhol es

The nunber of hot-dip gal vani zed cable racks with a plastic coating over
t he gal vani zing indicated shall be installed in each tel ephone nmanhol e.
Each cabl e rack shall be provided with 2 cable hooks. Cables for the

t el ephone and conmmuni cation systens will be installed by others.

3.6.4 Handhol es

Handhol es shall be | ocated approxi mately as shown. Handhol es shall be of
the type noted on the drawi ngs and shall be constructed in accordance wth
the details shown.

3.6.5 Pul | boxes

Pul | box tops shall be flush with sidewal ks or curbs or placed 15 nm 1/2 inch
above surroundi ng grades when renote from curbed roadways or sidewal ks.
Covers shall be marked "Low Vol tage" and provided with 2 lifting eyes and 2
hol d-down bolts. Each box shall have a suitable opening for a ground rod.
Conduit, cable, ground rod entrances, and unused openi ngs shall be seal ed
with nortar.

3.6.6 G ound Rods
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3.

A ground rod shall be installed at the nmanhol es, handhol es and pul | boxes.
G ound rods shall be driven into the earth before the manhole floor is
poured so that approximately 100 nm 4 inches of the ground rod will extend
above the manhole floor. Wen precast concrete manhol es are used, the top
of the ground rod may be bel ow t he manhol e fl oor and a No. 1/0 AWs ground
conduct or brought into the manhol e through a watertight sleeve in the
manhol e wal | .

.7 PAD- MOUNTED EQUI PMENT | NSTALLATI ON

Pad- mount ed equi prent, shall be installed on concrete pads in accordance
wi th the manufacturer's published, standard installation draw ngs and
procedures, except that they shall be nodified to nmeet the requirenments of
this docunent. Units shall be installed so that they do not danmage

equi prent or scratch painted or coated surfaces. After installation
surfaces shall be inspected and scratches touched up with a paint or
coating provided by the manufacturer especially for this purpose.

Thr ee- phase transformers shall be installed with a phase sequence as
required by the Task Order. Primary taps shall be set at neutral

7.1 Concr et e Pads

.7.1.1 Construction

Concrete pads for pad-nounted el ectrical equi pnent nay be either
pre-fabricated or shall be poured-in-place. Pads shall be constructed as
i ndi cated, except that exact pad dinmensions and nmounting details are

equi prent specific and are the responsibility of the Contractor. Tops of
concrete pads shall be level and shall project 100 nm 4 inches above
finished floor or paving or grade and sloped to drain. Edges of concrete
pads shall have 20 mm 3/4 inch chanfer. Conduits for primary, secondary,
and groundi ng conductors shall be set in place prior to placenent of
concrete pads. \Where grounding el ectrode conductors are installed through
concrete pads, PVC conduit sleeves shall be installed through the concrete
to provide physical protection. To facilitate cable installation and
term nation, the concrete pad shall be provided with a rectangul ar hol e
bel ow the primary and secondary conpartnents, sized in accordance with the
manuf acturer's recommended di mensi ons. Upon conpl etion of equi prent
installation the rectangul ar hole shall be filled with masonry grout.

.7.1.2 Concrete and Rei nforcenment

Concrete work shall have m ni mum 20 MPa 3000 psi conpressive strength and
conformto the requirenents of Section 03300 CAST-I N PLACE STRUCTURAL
CONCRETE. Concrete pad reinforcenent shall be in accordance with Section
03200 CONCRETE RElI NFORCEMENT.

.7.1.3 Seal i ng

VWhen the installation is conplete, the Contractor shall seal all conduit
and other entries into the equi pment enclosure with an approved sealing
compound. Seal s shall be of sufficient strength and durability to protect
all energized live parts of the equipnment fromrodents, insects, or other
foreign matter.

7.2 Padl ocks
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Padl ocks shall be provided for pad-nounted equi prent and for each fence
gate. Padl ocks shall be keyed as directed by the Contracting Oficer
Padl ocks shall conmply with ASTM F 883, as required by the Task O der

. 7.3 Fenci ng

Fencing shall conformto the requirenent of and be installed in accordance
with Section 02821 FENCING  Fences shall provi de working cl earances

for operation and nmai ntenance in accordance with |EEE C2. The

entire space between fences and concrete pads shall be excavated to a

m ni mrum depth of 100 mm 4 inches bel ow fini shed gradelines, shall be graded
to reasonably level surfaces, and filled with well-conpacted cl ean coarse
gravel or crushed stone of 15 to 40 mm(1/2 to 1-1/2 inches) 1/2 to 1-1/2
i nches graded size up to finished gradelines. Space between fences and
concrete pads shall be excavated to a m ni num depth of 100 mm 4 inches

bel ow fini shed gradelines, shall be graded to reasonably |evel surfaces,
and filled with well-conpacted cl ean coarse gravel or crushed stone of 15
to 40 nm(1/2 to 1-1/2 inches) 1/2 to 1-1/2 inches graded size up to

fini shed gradelines.

.8 CONNECTI ONS BETWEEN AERI AL AND UNDERGROUND SYSTEMS

Connections between aerial and underground systens shall be made as shown.
Under ground cabl es shall be extended up poles in conduit to cable

term nations. Conduits shall be secured to the poles by 2-hol e gal vani zed
steel pipe straps spaced not nore than 3 m10 feet apart and with 1 strap
not nore than 300 mm 12 inches fromany bend or termination. Cable guards
shall be secured to poles in accordance with the manufacturer's published
procedures. Conduits shall be equi pped with bushings to protect cables and
mnimze water entry. Capnut potheads shall be used to term nate
nedi um vol tage mul ti pl e-conductor cable. Cables shall be supported by
devi ces separate fromthe conduit or guard, near their point of exit from
the conduit or guard.

.8.1 Pole Installation

Pole installation shall be in accordance with Section 16370 ELECTRI CAL
DI STRI BUTI ON SYSTEM AERI AL.

.9 CONNECTI ONS TO BUI LDI NGS

Cabl es shall be extended into the various buildings as indicated, and shal
be connected to the first applicable term nation point in each building.
Interfacing with building interior conduit systens shall be at conduit
stubouts termnating 1.5 m5 feet outside of a building and 600 mm 2 feet
bel ow fi ni shed grade as specified and provi ded under Section 16415
ELECTRI CAL WORK, |INTERIOR  After installation of cables, conduits shall be
seal ed with caul ki ng conpound to prevent entrance of noisture or gases into
bui | di ngs.

.10 GROUNDI NG

A ground ring consisting of the indicated configuration of bare copper
conductors and driven ground rods shall be installed around pad-nounted
equi prent as shown. Equi pnent franes of netal -encl osed equi prent, and

ot her noncurrent-carrying netal parts, such as cable shields, cable sheaths
and arnor, and netallic conduit shall be grounded. At |east 2 connections
shall be provided froma transforner, a swi tchgear ground bus, and a unit
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substation to the ground ring. Metallic frames and covers of handhol es and
pul | boxes shall be grounded by use of a braided, copper ground strap with
equi val ent anpacity of No. 6 AWG

3.10.1 G oundi ng El ectrodes

G oundi ng el ectrodes shall be installed as shown on the draw ngs and as
fol | ows:

a. Driven rod electrodes - Unless otherw se indicated, ground rods
shall be driven into the earth until the tops of the rods are
approxi mately 300 mm 1 foot bel ow finished grade.

b. Gound mat - A ground mat shall be installed as shown consisting
of bare copper conductors installed 450 nm 18 inches, plus or
mnus 75 mm 3 inches, below the finished top of soil grade. Mat
conductors shall be bonded to all rod el ectrodes, electrolytic
el ectrodes, and to all other intersecting mat conductors. Mat
conductors shall be sized as shown on the draw ngs.

c. Gound ring - Aground ring shall be installed as shown consisting
of bare copper conductors installed 450 nm 18 inches, plus or
mnus 75 mm 3 inches, below finished top of soil grade. G ound
ring conductors shall be sized as shown.

d. Additional electrodes - Wen the required ground resistance i s not
met, additional electrodes shall be provided interconnected wth
groundi ng conductors to achi eve the specified ground resistance.
The additional electrodes will be up to three,3 m (10 feet)10 feet
rods spaced a mininumof 3 m10 feet apart 19.1 mm (3/4 inch) 3/4
inch diameter, up to 9.1 m (30 feet) 30 feet |ong, coupled and
driven with the first rod. 1In high ground resistance, UL listed
chemi cally charged ground rods may be used. |If the resultant
resi stance exceeds 25 ohns neasured not |ess than 48 hours after
rainfall, the Contracting Oficer shall be notified i mediately.

3.10.2 G oundi ng and Bondi ng Connecti ons

Connecti ons above grade shall be nmade by the fusion-welding process or with
bol ted sol derl ess connectors, in conpliance with UL 467, and those bel ow
grade shall be made by a fusion-welding process. Were grounding
conductors are connected to al um num conposition conductors, specially
treated or |ined copper-to-alum num connectors suitable for this purpose
shal | be used.

3.10.3 G oundi ng and Bondi ng Conduct ors

G oundi ng and bondi ng conductors include conductors used to bond
transformer encl osures and equi pnent franes to the groundi ng el ectrode
system G oundi ng and bondi ng conductors shall be sized as shown, and

| ocated to provide maxi num physical protection. Bends greater than 45
degrees in ground conductors are not permtted. Routing of ground
conductors through concrete shall be avoided. Wen concrete penetration is
necessary, nonnetallic conduit shall be cast flush with the points of
concrete entrance and exit so as to provide an opening for the ground
conductor, and the opening shall be sealed with a suitable conmpound after
installation.
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3.10.4 Surge Arrester G ounding

Surge arresters and neutrals shall be bonded directly to the transforner
encl osure and then to the grounding el ectrode systemwi th a bare copper
conductor, sized as shown. Lead |engths shall be kept as short as
practicable with no kinks or sharp bends.

3.10.5 Manhol e, Handhol e, or Concrete Pull box G oundi ng

Gound rods installed in manhol es, handhol es, or concrete pull boxes shal
be connected to cable racks, cable-pulling irons, the cable shielding,
metallic sheath, and arnor at each cable joint or splice by neans of a No.
4 AWS braided tinned copper wire. Connections to netallic cable sheaths
shal |l be by means of tinned termnals soldered to ground wires and to cable
sheaths. Care shall be taken in soldering not to damage netallic cable
sheaths or shields. Gound rods shall be protected with a double w appi ng
of pressure-sensitive plastic tape for a distance of 50 nm 2 i nches above
and 150 mm 6 i nches bel ow concrete penetrations. G ounding el ectrode
conductors shall be neatly and firmy attached to manhol e or handhol e walls
and the anount of exposed bare wire shall be held to a m ni num

3.10.6 Metal Splice Case G ounding

Met al splice cases for nediumvoltage direct-burial cable shall be grounded
by connection to a driven ground rod | ocated within 600 mm 2 feet of each
splice box using a grounding el ectrode conductor having a current-carrying
capacity of at least 20 percent of the individual phase conductors in the
associ ated splice box, but not |less than No. 6 AWG

3.10.7 Ri ser Pol e G oundi ng

A single continuous vertical grounding el ectrode conductor shall be
installed on each riser pole and connected directly to the grounding

el ectrodes indicated on the drawings or required by these specifications.
Al'l equi prment, neutrals, surge arresters, and itens required to be grounded
shal |l be connected directly to this vertical conductor. The groundi ng

el ectrode conductor shall be sized as shown. G ounding el ectrode
conductors shall be stapled to wood poles at intervals not exceeding 600 mm
2 feet.

3.11 FI ELD TESTI NG
3.11.1 CGener a

Field testing shall be performed in the presence of the Contracting
Oficer. The Contractor shall notify the Contracting Oficer 14 days prior
to conducting tests. The Contractor shall furnish all materials, |abor

and equi pnent necessary to conduct field tests. The Contractor shal
performall tests and inspections recomended by the manufacturer unless
specifically waived by the Contracting Officer. The Contractor shal
maintain a witten record of all tests which includes date, test perforned,
personnel involved, devices tested, serial nunber and name of test

equi prent, and test results. Field test reports shall be signed and dated
by the Contractor.

3.11.2 Saf ety
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The Contractor shall provide and use safety devices such as rubber gl oves,
protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equi pment which
are damaged due to inproper test procedures or handling.

3.11.3 G ound- Resi stance Tests

The resistance of each groundi ng el ectrode and the ground ring shall be
measured using the fall-of-potential method defined in IEEE Std 81. G ound
resi stance neasurenents shall be nmade before the electrical distribution
systemis energized and shall be made in normally dry conditions not |ess
than 48 hours after the last rainfall. Resistance neasurenents of separate
groundi ng el ectrode systens shall be nmade before the systens are bonded

t oget her bel ow grade. The conbi ned resistance of separate systens may be
used to nmeet the required resistance, but the specified nunber of

el ectrodes must still be provided.

a. Single rod electrode - 25 ohns.
b. Miltiple rod electrodes - 25 ohns.
c. Gound mat - 25 ohns.
d. Gound ring - 25 ohns.
3.11.4 G ound- Mat Connecti on I nspection

Al'l bel ow grade ground-mat connections will be visually inspected by the
Contracting O ficer before backfilling. The Contractor shall notify the
Contracting O ficer 24 hours before the site is ready for inspection

3.11.5 Medi um Vol t age Cabl e Test

After installation and before the operating test or connection to an

exi sting system the nmediumvoltage cable systemshall be given a high
potential test. Direct-current voltage shall be applied on each phase
conductor of the system by connecting conductors as one terninal and
connecting grounds or netallic shieldings or sheaths of the cable as the
other termnal for each test. Prior to naking the test, the cables shal
be i sol ated by opening applicable protective devices and di sconnecti ng
equi prent. The test shall be conducted with all splices, connectors, and
termnations in place. The nmethod, voltage, length of time, and other
characteristics of the test for initial installation shall be in accordance
with NEMA WC 7 or NEMA WC 8 for the particular type of cable installed,
except that 28 kV and 35 kV insulation test voltages shall be in accordance
with either AEIC CS5 or AEIC CS6 as applicable, and shall not exceed the
recomendati ons of |EEE Std 404 for cable joints and | EEE Std 48 for cable
term nations unless the cable and accessory manufacturers indicate higher
vol tages are acceptable for testing. Should any cable fail due to a
weakness of conductor insulation or due to defects or injuries incidenta
to the installation or because of inproper installation of cable, cable
joints, term nations, or other connections, the Contractor shall nake
necessary repairs or replace cables as directed. Repaired or replaced
cabl es shall be retested.

3.11.6 Low Vol t age Cabl e Test
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Low vol tage cable, conplete with splices, shall be tested for insulation
resi stance after the cables are installed, in their final configuration
ready for connection to the equipnent, and prior to energization. The test
vol tage shall be 500 volts dc, applied for one m nute between each
conduct or and ground and between all possible conbi nati ons conductors in
the sanme trench, duct, or cable, with all other conductors in the sane
trench, duct, or conduit. The mninmumvalue of insulation shall be:

R i n negohns
nmet ers)

(rated voltage in kV + 1) x 304,800/ (length of cable in

R i n negohns (rated voltage in kV + 1) x 1000/ (l ength of cable in feet

Each cable failing this test shall be repaired or replaced. The repaired
cable shall be retested until failures have been elim nated.

11,7 Liquid-Filled Transformer Tests
The following field tests shall be perfornmed on all liquid-filled
transformers. Pass-fail criteria shall be in accordance with transforner
manuf acturer's specifications.

a. Insulation resistance test phase-to-ground.

b. Turns ratio test.

c. Correct phase sequence.

d. Correct operation of tap changer
.11. 8 Dry-Type Transformer Tests
The following field tests shall be performed on all dry-type transforners.
Pass-fail criteria shall be in accordance with the transforner
manuf acturer's specifications.

a. Insulation resistance test phase-to-ground.

b. Turns ratio test.
.11.9 Crcuit Breaker Tests
The following field tests shall be performed on circuit breakers.
Pass-fail criteria shall be in accordance with the circuit breaker
manuf acturer's specifications.

a. Insulation resistance test phase-to-phase.

b. Insulation resistance test phase-to-ground.

c. Cosed breaker contact resistance test.

d. Power factor test.

e. Hi gh-potential test.

f. Manual and el ectrical operation of the breaker.
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3.11.10 Power Circuit Breaker Tests
The power circuit breakers shall be tested in accordance with ANSI C37.50.
3.11.11 Protective Rel ays

Protective relays shall be visually and nmechanically inspected, adjusted,
tested, and calibrated in accordance with the manufacturer's published
instructions. Tests shall include pick-up, timng, contact action
restraint, and other aspects necessary to ensure proper calibration and
operation. Relay settings shall be inplenmented in accordance with the
coordi nation study. Relay contacts shall be manually or electrically
operated to verify that the proper breakers and alarnms initiate. Relaying
current transfornmers shall be field tested in accordance with | EEE
ANSI /| EEE C57. 13.

3.11.12 Pre- Energi zati on Services

Calibration, testing, adjustnent, and placing into service of the
installation shall be acconplished by a manufacturer's product field
servi ce engi neer or independent testing conpany with a m ni mumof 2 years
of current product experience. The follow ng services shall be perforned
on the equipnent |listed below. These services shall be perforned
subsequent to testing but prior to the initial energization. The equi pnent
shal |l be inspected to ensure that installation is in conpliance with the
recommendat i ons of the manufacturer and as shown on the detail draw ngs.
Term nations of conductors at major equi pment shall be inspected to ensure
t he adequacy of connections. Bare and insul ated conductors between such
term nations shall be inspected to detect possible damage during
installation. |If factory tests were not perfornmed on conpl eted assenbli es,
tests shall be performed after the installation of conpleted assenblies.
Components shall be inspected for damage caused during installation or

shi pment to ensure packaging materials have been renpved. Conponents
capabl e of being both nmanually and el ectrically operated shall be operated
manual |y prior to the first electrical operation. Conponents capabl e of
being calibrated, adjusted, and tested shall be calibrated, adjusted, and
tested in accordance with the instructions of the equi pnent manufacturer
Itenms for which such services shall be provided, but are not linmted to,
are the foll ow ng:

a. Secondary unit substation
b. Pad-nounted transforners
c. Panel boards
d. Swi tchboards
e. Metal-enclosed sw tchgear
f. Busways
g. Swtches

3.11.13 Qperating Tests

After the installation is conpleted, and at such tinmes as the Contracting
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Oficer may direct, the Contractor shall conduct operating tests for
approval. The equi prent shall be denpnstrated to operate in accordance
with the requirenents herein. An operating test report shall be submtted
i n accordance with paragraph SUBM TTALS.

.12 MANUFACTURER S FI ELD SERVI CE
.12.1 Onsite Training

The Contractor shall conduct a training course for the operating staff as
designated by the Contracting O ficer. The training period shall consi st
of a total of 8 hours of normal working tinme and shall start after the
systemis functionally conpleted but prior to final acceptance tests. The
course instruction shall cover pertinent points involved in operating,
starting, stopping, and servicing the equipnent, as well as all najor

el ements of the operation and nmai ntenance manuals. Additionally, the
course instructions shall denonstrate all routine maintenance operations.
A VHS format video tape of the entire training session shall be submtted.

.12.2 Install ati on Engi neer

After delivery of the equi pment, the Contractor shall furnish one or nore
field engineers, regularly enployed by the equi pnent nanufacturer to
supervise the installation of the equipnent, assist in the performance of
the onsite tests, initial operation, and instruct personnel as to the
operational and mai ntenance features of the equi prment.

.13  ACCEPTANCE

Fi nal acceptance of the facility will not be given until the Contractor has
successfully conpleted all tests and after all defects in installation

mat eri al or operation have been corrected.

-- BEnd of Section --
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SECTI ON 16526

Al RFI ELD AND HELI PORT LI GHTI NG AND VI SUAL NAVI GATI ON Al DS
09/ 92

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
basi c designation only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

ANSI C57.12.13 (1982) Confornmance Standards for
Liquid-Filled Transformers Used in Unit
Installations, Including Unit Substations

ANSI C57.12.50 (1981; R 1989) Ventilated Dry-Type
Distribution Transfornmers 1 to 500 kVA,
Si ngl e- Phase: and 15 to 500 kVA,
Thr ee- Phase, with Hi gh-Voltage 601 to 34
500 Volts, Low Voltage 120 to 600 Volts

ANSI C119.1 (1986) Seal ed | nsul at ed Under ground
Connector Systens Rated 600 Volts

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 123 (1989a) Zinc (Hot-D p Gal vani zed) Coati ngs
on Iron and Steel Products

ASTM A 153 (1996) Zinc Coating (Hot Dip) on Iron and
St eel Hardware

ASTM A 780 (1993a) Repair of Damaged and Uncoat ed
areas of Hot-Di pped Gal vani zed Coati ngs

ASTM B 117 (1995) Operating Salt Spray (Fog) Apparatus

ASTM D 709 (1992) Lami nated Thernosetting Materials

ASTM D 1248 (1984; R 1989) Pol yethyl ene Pl astics

Mol di ng and Extrusion Materials

ASTM D 1654 (1992) Evaluation of Painted or Coated
Speci mens Subj ected to Corrosive
Envi ronnent s

ASSCCI ATI ON OF EDI SON | LLUM NATI NG COVPANI ES ( AEI C)
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AElI C CS5

(1994) Specification for
Crossl i nked- Pol yet hyl ene 1 nsul at ed
Shi el ded Power Cabl es Rated 5 Through 46 kV

FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM

FM P7825a

FM P7825b

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

AC

(1997) Approval @uide Fire Protection

(1997) Approval Guide Electrical Equipnent

FEDERAL AVI ATI ON ADM NI STRATI ON ( FAA)

70/ 7460-1

150/ 5345-3

150/ 5345-5

150/ 5345-7

150/ 5345- 10

150/ 5345-12

150/ 5345- 13

150/ 5345- 26

150/ 5345- 27

150/ 5345- 28

150/ 5345-42

150/ 5345- 43

150/ 5345- 44

150/ 5345- 45

150/ 5345- 46

150/ 5345- 47

(Rev J) Qostruction Marking and Lighting

(Rev D) L-821 Panels for Renote Control of
Airport Lighting

(Rev A) Circuit Selector Swtch

(Rev D, Change 1) L-824 Underground
El ectrical Cable for Airport Lighting
Crcuits

(Rev E) Constant Current Regul ators
Regul at or Mnitors

(Rev C) Airport and Heliport Beacons
(Rev A) L-841 Auxiliary Relay Cabinet
Assenbly for Pilot Control of Airport
Lighting Grcuits

(Rev B; Changes 1 & 2) L-823 Plug and
Recept acl e, Cabl e Connectors

(Rev C) Wnd Cone Assenblies

(Rev D, Change 1) Precision Approach Path
I ndi cator (PAPI) Systens

(Rev C, Change 1) Airport Light Bases,
Transf ormer Houses, Junction Boxes and
Accessori es

(Rev D) Specification for Obstruction
Li ghti ng Equi prent

(Rev F; Change 1) Taxiway and Runway Signs

(Rev A) Lightweight Approach Light
Structure

(Rev A) Runway and Taxiway Light Fixtures

(Rev A) lIsolation Transforners for Airport
Li ghti ng Systens
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FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

FAA

AC 150/ 5345-51

AC 150/ 5370- 10

C- 6046

E- 982

E- 2159

E- 2325

E- 2628

E- 2702

E- 2756

I NSTI TUTE OF ELECTRI CAL

| EEE C2

| EEE C62. 11

| EEE C62. 41

| EEE STD 48

(Basic; Change 1) Specification for
Di schar ge- Type Fl ashi ng Equi prment

(Rev A, Change 1 thru 6) Standards for
Speci fying Construction of Airports

(1978) Frangi ble Coupling Type | and Type
1A, Details

(Rev H, Notice 1) Par-56 Lanphol der
(Rev D) Runway End ldentifier Lighting
System (REIL) with Renote Monitoring
Subsystem

(Rev D) Medium Intensity Approach Lighting
System wi th Runway Alignnment | ndicator
Li ghts (MALSR)

(Rev B) Sequenced Fl ashing Lighting
System El evated and Sem flush with

Di nmi ng and Monitoring

(1979) Low I npact Resistant Structures

(1985) Four-Box Precision Approach Path
I ndi cat or

AND ELECTRONI CS ENGQ NEERS (| EEE)
(1997) National Electrical Safety Code

(1993) | EEE Standard Metal - Oxi de Surge
Arresters for AC Power Circuits

(1991) Surge Voltages in Low Voltage AC
Power Circuits

(1996) Standard Test Procedures and
Requi renents for Alternating-Current Cable
Term nations 2.5 kV through 765 kV

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NEVA 250

NEVA AB 1

NEMA I CS 2

NEVA 1 CS 6

(1991) Enl cosures for Electrical Equiprent
(1000 vol ts Maxi mum

(1993) Ml ded Case Circuit Breakers and
Mol ded Case Switches

(1993) Industrial Control and Systens
Control l er, Contactors, and Overl oad

Rel ays Rated Not Mdre Than 2,000 Volts AC
or 750 Volts DC

(1993) Industrial Control and Systens
Encl osur es
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NEVA LA 1 (1992) Surge Arresters
NEVA PB 1 (1990) Panel boards
NEMVA RN 1 (1989) Pol yvinyl-Chloride (PVC) Externally

Coat ed Gal vani zed Rigid Steel Conduit and
I nternediate Metal Conduit

NEMA TC 2 (1990) El ectrical Polyvinyl Chloride (PVQ
Tubi ng (EPT) and Conduit (EPC 40 and
EPC- 80)

NEMA TC 3 (1990) PVC Fittings for Use with Rigid PVC

Condui t and Tubi ng

NEMA TC 6 (1990) PVC and ABS Plastic Uilities Duct
for Underground Installation

NEVA WC 3 (1992) Rubber-Insulated Wre and Cable for
the Transm ssion and Distribution of
El ectrical Energy

NEMA WC 7 (1991; Rev 1)
Cr oss- Li nked- Ther noset t i ng- Pol yet hyl ene-
Insulated Wre and Cable for the
Transni ssion and Distribution of
El ectrical Energy

NEMA WC 8 (1991; Rev 1; Rev 2)
Et hyl ene- Propyl ene- Rubber -1 nsul ated Wre
and Cable for the Transm ssion and
Distribution of Electrical Energy
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 (1996; Errata) National Electrical Code
RURAL UTI LI TI ES SERVI CE ( RUS)

RUS REA PE- 39 (1993) REA Specification for Filled
Tel ephone Cabl es

STEEL STRUCTURES PAI NTI NG COUNCI L ( SSPC)

SSPC Pai nt 20 (1991) Zinc-Rich Priners (Type | -
"I norgani c" and Type Il - "Organic")

UNDERWRI TERS LABORATORI ES (UL)

UL El ecconst Dir (1997) Electrical Construction Equi pnent
Directory

uL 1 (1993; Rev thru Jan 1995) Flexible Metal
Condui t

UL 6 (1997) Rigid Metal Conduit
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UL 44 (1997; Rev Aug 1997) Thernoset-Insul ated
Wres and Cabl es

UL 83 (1997) Thernopl astic-1lnsulated Wres and
Cabl es
UL 360 (1996; Rev Mar 1997) Liquid-Tight Flexible

St eel Conduit

UL 486A (1991; Rev Cct 1991) Wre Connectors and
Sol dering Lugs for Use w th Copper
Conduct ors

UL 486B (1997; Rev Jun 1997) Wre Connectors for
Use with Al um num Conduct ors

UL- 489 (1996; Rev Mar 1997) Mol ded-Case Gircuit
Br eakers Mol ded- Case Swi t ches and
Circuit-Breaker Encl osures

UL 510 (1994) Insul ating Tape

UL 514A (1996) Metallic Qutlet Boxes

uL 797 (1993; Rev Mar 1997) Electrical Mtallic
Tubi ng

UL 854 (1996; Rev May 1996) Service-Entrance
Cabl es

UL 1242 (1996) Internediate Metal Conduit

.2 GENERAL REQUI REMENTS

Itens of the same classification shall be identical including equipnent,
assenblies, parts, and conponents.

2.1 Code Conpli ance

The installation shall conply with the requirenments and recomendati ons of
NFPA 70 and | EEE C2 and | ocal codes where required.

.2.2 St andard Product

Mat erial and equi pnent shall be a standard product of a manufacturer

regul arly engaged in the manufacture of the product and shall essentially
duplicate itenms that have been in satisfactory use for at |east 2 years
prior to bid opening.

.2.3 Preventi on of Corrosion

.2.3.1 Metallic Materials

Metallic materials shall be protected agai nst corrosion as specified.

Al um num shall not be used in contact with earth or concrete. \Were

al um num conductors are connected to dissimlar netal, fittings conform ng
to UL 486B shall be used.
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.2.3.2 Ferrous Metal Hardware

Ferrous nmetal hardware shall be hot-dip gal vanized i n accordance with ASTM
A 123 and ASTM A 153.

.2.3.3 Lum naires Fabricated from Ferrous Metal s

Lum naires fabricated fromferrous netals, unless hot-dip gal vani zed or of
porcel ain enanel finish shall be factory finished with a weather-resistant
finish in accordance with paragraphs FACTORY COATI NG and FI NIl SHI NG except
exposure shall be 200 hours. Finish color shall be the manufacturer's
standard, unless otherw se indicated.

.2.4 Unusual Service Conditions

Itenms furnished under this section shall be specifically suitable for the
foll owi ng unusual service conditions:

.2.4.1 Atitude
Any equi prent shall be suitable for operation up to an altitude of 3,000 m
.2.4.2 O her

Material or equiprment to be installed underground; in handhol es, manhol es,
or underground vaults; or in |light bases, shall be suitable for subnerged
operation.

.2.5 Verification of D nensions

The Contractor shall become famliar with details of the work, verify
dimensions in the field, and advise the Contracting Oficer of any
di screpancy before perform ng any work.

.3 SYSTEM DESCRI PTI ON

The airfield and heliport lighting and visual navigation aids shall consi st
of airfield and heliport lighting, airfield and heliport marking,
obstruction lighting and marki ng, beacon, w nd direction indicator,
approach lights, runway lights, taxiway lights, apron lights, visual glide
slope indicator, runway end identifier lights, runway di stance narkers,
taxi way signs and the lighting power supply and control as required in the
Task Order.

.4 SUBM TTALS
Government approval is required for submttals with a "GA" designation;
subm ttals having an "FI O' designation are for information only. The

followi ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 01 Data
Mat eri al s and Equi prent; FI QO
A conplete item zed listing of equipnent and materials proposed for

i ncorporation into the work. Each item zation shall include an item
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nunber, the quantity of itens proposed, and the name of the manufacturer.
Dat a conposed of catal og cuts, brochures, circulars, specifications and
product data, and printed information in sufficient detail and scope to
verify conmpliance with requirements of the contract docunents.

Protection Plan; GA.

Detail ed procedures to prevent damage to existing facilities or
infrastructures. |f danage does occur, the procedures shall address repair
and repl acement of danmaged property at the Contractor's expense.

Trai ning; FIO

Information describing training to be provided, training aids to be used,
sanples of training materials to be provided, and schedul es of training,
two weeks before training is schedul ed to begin.

Speci al Tools; FIO

Li st of special tools and test equi pnent required for maintenance and
testing of the products supplied by the Contractor.

Parts List; FIO

A list of parts and components for the system by manufacturer's nane, part
nunber, nonencl ature, and stock |level required for maintenance and repair
necessary to ensure continued operation with mninmal del ays.

SD- 04 Dr awi ngs
Li ghti ng and Navi gati on Aids; GA

Coor di nati on draw ngs consisting of conposite draw ngs show ng coordi nation
of work of one trade with that of other trades and with the structural and
architectural elenents of the work. Drawi ngs shall be in sufficient detail
to show overall dinensions of related itens, clearances, and relative

| ocations of work in allotted spaces. Draw ngs shall indicate where
conflicts or clearance problens exi st between the various trades.

As-Built Draw ngs; GA.

Drawi ngs that provide current factual information including deviations

from and anendnments to the draw ngs and changes in the work, conceal ed and
visible, shall be provided as instructed. The as-built draw ngs shall show
installations with respect to fixed installations not associated with the
systens specified herein. Cable and wire shall be accurately identified as
to direct-burial or in conduit and shall | ocate the connection and routing
to and away from bases, housi ngs, and boxes.

SD-06 Instructions
Repai r Requirenents; GA.
Instructions necessary to check out, troubleshoot, repair, and repl ace
conmponents of the systems, including integrated el ectrical and mechani cal

schemati cs and di agranms and di agnosti c techni ques necessary to enabl e
operation and troubl eshooting after acceptance of the system shall be
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provi ded.
Posted I nstructions; GA

A typed copy of the proposed posted instructions showi ng wiring, control

di agranms, conplete |ayout and operating instructions explaining preventive
mai nt enance procedures, methods of checking the systemfor nornal safe
operation, and procedures for safely starting and stopping the system
Proposed di agrans, instructions, and other sheets shall be submitted prior
to posting.

SD- 09 Reports
Test Results; FIO

Upon conpl etion and testing of the installed system performance test
reports are required in booklet formshowng all field tests perfornmed to
adj ust each conponent and all field tests perforned to provide conpliance
with the specified performance criteria. Each test shall indicate the
final position of controls.

Field test reports shall be witten, signed and provided as each circuit or
installation itemis conpleted. Field tests shall include

resi stance-to-ground and resi stance between conductors, and continuity
measurenents for each circuit. For each series circuit the input voltage
and output current of the constant current regulator at each intensity
shal |l be neasured. For nultiple circuits the input and output voltage of
the transformer for each intensity setting shall be nmeasured. A visua

i nspection of the |ights operation, or of the nmarkings appearance, or of
the installation of fixtures or units installed shall be reported.

I nspection; FIO

I nspection reports shall be prepared and provi ded as each stage of
installation is conpleted. These reports shall identify the activity by
contract number, location, quantity of material placed, and conpliance with
requi renents.

SD- 13 Certificates
Qualifications; GA

Certifications, when specified or required, including Certification of the
Qualifications of Medium Voltage Cable Installers, Certified Factory and
Field Test Reports, and Certificates of Conpliance submitted in lieu of

ot her proofs of compliance with these contract provisions. A certification
that contains the names and the qualifications of persons recommended to
performthe splicing and term nati on of medi um voltage cabl es approved for
installation under this contract shall be included. The certification
shal | indicate that any person reconmended to perform actual splicing and
term nati on has been adequately trained in the proper techniques and has
had at | east 3 recent years of experience in splicing and term nating the
same or simlar types of cables approved for installation. Any person
recomended by the Contractor may be required to performa dummy or
practice splice and term nation, in the presence of the Contracting

O ficer, before being approved as a qualified installer of nediumvoltage
cables. If that additional requirenent is inposed, the Contractor shal
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provi de short sections of the approved types of cables with the approved
type of splice and termination kits, and detail ed manufacturer's
instruction for the proper splicing and term nation of the approved cable
types. The certification shall be prepared in conformance wi th SECTI ON
01300, SUBM TTAL. Sand shall be acconpanied by satisfactory proof of the
trai ning and experience of persons recommended by the Contractor as cable
installers. The SF sub 6 gas pressurized cable and conduit system
installer nust be trained and certified in installation of this type of
system and nust be approved by the manufacturer of the system Prior to
wel di ng operations 6 copies of qualified procedures and lists of nanmes and
identification symbols of qualified welders and wel di ng operators are
required.

Mat eri al s and Equi prent; FI QO

VWhen equi pnent or materials are specified to conformto the standards or
publications and requirements of AASHTO, ANSI, ASTM AEIC, FM |EEE, |ES
NEMA, NFPA, or UL, or to an FAA, FS, or M5, proof that the itens furnished
under this section of the specifications conformto the specified

requi renents shall be included. The label or listing in UL Elecconst Dir
or in FM P7825a, FM P7825b or the manufacturer's certification or published
cat al og specification data statement that the itens conply with applicable
speci fications, standards, or publications and with the manufacturer's
standards will be acceptabl e evidence of such conpliance. Certificates
shal | be prepared by the manufacturer when the manufacturer's published
data or draw ngs do not indicate conformance with other requirenments of

t hese specifications.

SD-19 Qperation and Mi ntenance Manual s
Equi prent; GA

Si x copies of operation and six copies of maintenance manuals for the

equi prent furni shed. One conplete set shall be furnished prior to
performance testing and the remai nder shall be furni shed upon acceptance.
Qperating manual s shall detail the step-by-step procedures required for
system startup, operation, and shutdown. Operating manuals shall include

t he manufacturer's nane, nodel nunber, parts list, and brief description of
all equipnent and their basic operating features. Mintenance manual s
shall |ist routine maintenance procedures, possible breakdowns and repairs,
and troubl eshooting guides. Maintenance manual s shall include conduit and
equi prent | ayout and sinplified wiring and control diagranms of the system
as install ed.

PART 2 PRODUCTS

2.

1 MATERI ALS

Equi prent and materials shall be new unless indicated or specified
otherwi se. Materials and equi prent shall be |abelled when approved by
Underwriters Laboratories (UL) or Factory Mutual (FM System Askarel and
i nsul ating |iquids containing polychlorinated bi phenyls (PCB's) will not be
allowed in any equi pnent. Equi prent installed bel ow grade in vaults,
manhol es, and handhol es shall be the subnersible type.

1.1 El ectrical Tape

El ectrical tape shall be UL 510 plastic insulating tape.
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2.1.2 Nanepl at es

Each maj or conponent of equi prent shall have as a mninumthe

manuf acturer's nanme, address, and catal og or style nunber on a nanepl ate
securely attached to the itemof equipnment. Lam nated plastic nanmepl ates
shal | be provided for equipnent, controls, and devices to identify
function, and where applicable, position. Naneplates shall be 3.2 mm (1/8
in.) 1/8 inch thick |am nated cell ul ose paper base phenolic resin plastic
conformng to ASTM D 709 sheet type, grade ES-3, white with bl ack center
core. Surface shall be a matte finish with square corners. Lettering
shal |l be engraved into the black core. Size of nanmeplates shall be 25.4 by
63.5 mMm (1 by 2-1/2 in.) 1 by 2-1/2 inches mnimumwth mnimm®6.4 mm (1/4
in.) 1/4 inch high normal block lettering. Naneplates provided as

i ndi cated. Nanepl ates shall be fastened to the device with a m ni num of
two sheet netal screws or two rivets.

2.1.3 Conduit, Conduit Fittings, and Boxes

2.1.3.1 Rigid Steel or Internediate Metal Conduit (IMJ) and Fittings
The nmetal conduit and fittings shall be UL 6 and UL 1242, respectively,
coated with a polyvinylchloride (PVC) sheath bonded to the gal vani zed
exterior surface, nomnal 1.0 nm (40 mls) 40 mls thick, conformng to
NEMA RN 1.

2.1.3.2 Fl exi bl e Metal Conduit

Fl exi ble metal conduit shall be UL 1, zinc-coated steel. UL 360
liquid-tight flexible metal conduit shall be used in wet |ocations.

2.1.3.3 Qutl et Boxes for Use with Steel Conduit, Rigid or Flexible
These outl et boxes shall be UL 514A, cast netal w th gasket closures.
2.1.3.4 Pl astic Duct for Concrete Encased Buri al

These ducts shall be provided as specified in Section 16375, ELECTRI CAL
DI STRI BUTI ON SYSTEM UNDERGROUND.

2.1.3.5 Pl astic Conduit for Direct Burial

This plastic conduit shall be provided as specified in Section 16375,
ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND.

2.1.3.6 Frangi bl e Coupl i ngs and Adapters

These frangi bl e couplings shall be in accordance with FAA C- 6046. Upper
section of frangi ble coupling shall be provided with one of the foll ow ng:

a. Unthreaded for slip-fitter connections.

b. 61.1 m (2-13/32 in.) 2-13/32 inch 16N 1A nodified thread for nut
and conpression ring to secure 50 mm (2 in.) 2 inch EMI

c. 50 M (2 in.) 2 inch 11-1/2-N.P.T. (tapered) with 5.6 mm (7/32 in.)
7/ 32 inch nom nal wall thickness to accept rigid conduit coupling.
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d. Frangi bl e Couplings for specialized applications as approved.

e. FElectrical Metallic Tubing UL 797, where indicated for use
frangi bl e couplings and adapters.

.1.3.7 Low | npact - Resi st ant Towers

wth

Fi bergl ass reinforced | owinpact resistant (LIR) towers shall conformto
FAA AC 150/ 5345-45. Anchor bolts, |owering devices and fixture nounting

accessories shall be provided as required by tower nmanufacturer
.1.3.8 Sem - Frangi bl e Supports

Li ghts supported nmore than 12 nmeters 40 feet above the ground shal

have a

two- el ement structure, the |lower elenment being a rigid structure and the
upper elenment being a 6.1 neter 20 foot LIR structure in accordance wth

FAA E-2702.
.1.4 Wre and Cabl e
Conductors shall be copper except as otherw se indicated.

.1.4.1 Conductor Sizes

Conduct or size shall conformto Anerican Wre Gage (AW5. Conductor sizes
| arger than No. 8 AWG shall be stranded. No. 8 AW and snaller may be

solid or stranded unl ess ot herw se indi cated.

.1.4.2 Low Vol tage Wre and Cabl e

UL 854, Type USE, 600 volts shall be used for underground | ow voltage power

cables. UL 83, Type THWor THWN or UL 44, Type XHHW shall be used f
secondary series lighting circuits to be installed in pavenent.

.1.4.3 Power Cables for Use in Airfield and Heliport Lighting
Power cables shall be rated 5 kV, 133 percent insulation |evel, wit
and jacket conformng to NEMA WC 7 for crosslinked pol yethyl ene or
for ethyl ene-proplyl ene rubber insul ated cabl es.

.1.4.4 Wre and Cable for Airfield and Heliport Lighting Systens

or

h shield
NEMA WC 8

a. Airfield and heliport lighting cable shall be FAA AC 150/5345-7,

Type L-824 for ethyl ene propyl ene insulation and an overal
j acket - Type B, or crosslinked polyethyl ene-Type C, 5000-vol

t

cable. Series airfield and heliport lighting cable shall be
unshi el ded. Lighting cable for multiple type lighting circuits

shal | be shi el ded

b. Cable for pavenent slot installation shall be UL 83 Type THWN or

THW or UL 44 Type XHHW except as indicated otherw se.

c. Counterpoise Wre. No. 4 AWNG bare stranded copper, anneal ed or

soft drawn.

d. Control Cable. Milticonductor type FAA AC 150/5345-7, Type A, for
120 volt AC control, rated 600 volts, No. 12 AW5 and confornm ng
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to the follow ng unless indicated otherwi se. Conductors shall be
color coded. The cable shall have an overall jacket of heavy-duty
neoprene rated for direct burial. FAA AC 150/5345-7, Type A B or
C, or NEMA WC 3 rubber insulation, NEMA WC 7 for crosslinked

pol yet hyl ene insul ati on or NEMA WC 8f or et hyl ene- propyl ene rubber
insulation. For 48 volt DC control, multi-conductor, 300 volts,
No. 19 AWG cable shall be in accordance wi th REA PE-39.

e. Fused Cable Connectors. Connector shall consist of a |ine-side
receptacle and a | oad-side plug, each in a nol ded rubber form and
including crinp-on fittings for the cable ends to acconmpbdate a
250-volt cartridge-type fuse with fuse rating as indicated.
Connectors in kit formshall be properly sized for the specific
cabl e dianeter involved. Conpleted connection shall be watertight.

f. Cable for sequence flashing trigger circuits shall be REA PE-39.
2.1.4.5 Cabl e Tags

Cabl e tags for each cable or wire shall be installed at duct entrances
entering or |eaving manhol es, handhol es, and at each term nal within the
lighting vault. Cable tags shall be stainless steel, bronze, |lead strap
or copper strip, approximately 1.6 mm (1/16 in.) 1/16 inch thick or hard
plastic 3.2 mm (1/8 in.) 1/8 inch thick suitable for inmersion in salt

wat er and i npervious to petrol eum products and shall be of sufficient
length for inprinting the I egend on one line using raised letters. Cable
tags shall be permanently marked or stanped with letters not less than 6.4
mm (1/4 in.) 1/4 inch in height as indicated. Two-color |amnated plastic
is acceptable. Plastic tags shall be dark colored with markings of |ight
color to provide contrast so that identification can be easily read.
Fastening material shall be of a type that will not deteriorate when
exposed to water with a high saline content and to petrol eum products.

2.1.4.6 Concrete Markers for Direct Buried Cable Systens

Concrete markers shall be as specified in Section 16375, ELECTRI CAL
DI STRI BUTI ON SYSTEM UNDERGROUND.

2.1.5 G ound Rods
G ound rods shall be sectional copper-clad steel with dianeter adequate to
permt driving to full length of the rod, but not less than 19.1 nm (3/4
in.) 3/4 inch in dianeter and not nore than 3.048 neters (10 feet) 10 feet
| ong, unless indicated otherw se.

2.1.6 Lightning Arresters

These |ightning arresters shall be in accordance with | EEE C62.11 and | EEE
C62.41 as applicable with ratings as indicated.

2.1.7 Surge Protection
Surge protection shall be nmetal oxide varistors (M) in accordance with
NEMA LA 1 for power and signal circuits with ratings as recomended by the
syst em manuf act urer.

2.1.8 Cabl e Connectors and Splices
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Cabl e connectors in accordance with FAA AC 150/ 5345-26, |Item L-823 shall be
used for connections and splices appropriate for the type of cable. O her

types of cable connectors and splices shall be of copper alloys for copper

conductors, alum num alloys for al um num conposition conductors and a type

designed to mnimze gal vanic corrosion for copper to al um num conposition

conductors. For FAA Type L-824 lighting cable, connectors shall be FAA AC
150/ 5345- 26, Type L-823.

.1.9 Transformers
.1.9.1 Encapsul ated Isol ati on Transforners

These transforners shall be FAA AC 150/5345-47, Type L-830. Each
transfornmer shall be provided with rating as shown on the contract draw ngs.

.1.9.2 Power Transforners

These transforners shall be in accordance with ANSI C57.12.13 or ANSI
C57.12.50 as indicated.

.1.10 Li ght Bases

Li ght bases shall be FAA AC 150/ 5345-42 Type L-867, L-868 or L-869. Stee
bases, Cass 1 or Cass 2, Size A, B, C shall be provided as indicated or
as required to accomodate the fixture or device installed thereon if

di aneter is not shown.

.1.10.1 Accessori es

Base pl ates, cover plates, and adapter plates shall be provided to
acconmodat e various sizes of fixtures. Bolts shall be stainless steel

.1.11 Seal ant for Fixtures and Wres in Drilled Holes or Saw Kerfs

The seal ant shall be in accordance with FAA AC 150/5370- 10, Type P-606. Use
FAA AC 150/ 5370-10, Type P-606 seal ant for use in asphaltic concrete (AQC
or Portland cenent concrete (PCC) pavenent conpatible with AC pavenent and
havi ng a m ni rum el ongati on of 50 percent. Formnul ations of Type P-606

whi ch are conpatible with PCC pavenent only are prohibited.

.1.12 Constant Current Regul ator

The regul ator shall be FAA AC 150/5345-10, Type L-828, without nonitoring
or Type L-829 with nonitoring systemas required in the Task Order and with
rati ngs as indicated.

.1.12.1 Regul at or Opti ons

Regul ators shall operate on 60 Hz, have internal primary switch included,
have i nput voltage of 2400 and be controlled by 120-volt external control
voltage. Five brightness steps shall be provided. Mnitors shall be

provi ded as indicated.

.1.13 Lanps and Filters

Lanps shall be of size and type indicated, or as required by fixture
manuf acturer for each lighting fixture required under this contract.
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Filters shall be of colors as indicated and conformng to the specification
for the light concerned or to the standard referenced.

.1.14 Sunp Punps for Manhol es and Vaults

Sunp punps shall be subnmersible type with a capacity for not |ess than as
required in the Task Order. The notor shall include automatic thermal

overl oad protection. Each punp shall have an internal magnetic fl oat
switch, stainless steel shaft, bronze inpeller, and cast iron notor housing
and volute. The cable shall be continuous and of a waterproof type with
watertight plug of sufficient length to include slack and all ow connection
to receptacl e shown.

.1.15 Circuit Breakers and Hi gh-Voltage Switches

Circuit breakers and hi gh-voltage switches shall be NEMA AB 1 type or
approved by UL-489. Switchgear for use in nmanhol es and underground vaults
shal | be subway type. Cutouts shall be rated for volts, anperes, BIL as
required in the Task Order. Hernetically sealed cutouts shall be provided
wi t h expansi on chanbers for full rating. Cutout shall be nounted on

gal vani zed steel junction boxes with bolted-on covers, unless indicated

ot herw se.

.1.16 Transformer, Substations and Sw t chgear

The transformer substations and sw tchgear shall be as specified in Section
16415 ELECTRI CAL WORK, | NTERI OR

.1.17 Crcuit Sel ector Cabinet

The circuit selector cabinet shall be FAA AC 150/5345-5, Type L-847, for
the nunber of circuits as indicated, dass A, indoor or B, outdoor, Rating
1, for 6.6 anperes or 2, for 20 anperes.

.1.18 Pil ot Rel ay Pane

The pilot relay panel shall be NEMA 250, NEMA ICS 2, and NEMA PB 1 for
120-volt control systens; and FAA AC 150/5345-13, Type L-841, for 48-V dc
control systenmns.

.1.20 Control Pane

The panel shall be FAA AC 150/5345-3, Type L-821 Type Il, dass F or S,
Style 3. Quantity and color of lenses shall conformto FAA AC 150/ 5345-3
and shall correspond to the actual circuits indicated.

.1.21 Li ghting Fixtures

The lighting fixtures for the airfield and heliport lighting shall be as
shown in the contract drawings or as required in other contract docunents.

.1.22 Pai nti ng
As specified in Section 02763, PAVEMENT MARKI NGS

.2 Al RFI ELD AND HELI PORT MARKI NGS
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The airfield and heliport markings shall be installed as shown on the
contract draw ngs.

.3 BEACON

The rotating beacons for airfield and heliport beacons are omidirectiona
and col or coded and are provided by rotating the beans in sequence to
provide the color and intensity. For mlitary facilities the beacon has a
doubl e- peaked white beam The beacon fl ashes shall be visible through 360
degr ees.

. 3.1 Airfield Rotati ng Beacon

The rotating beacon for fixed wing aircraft shall be FAA AC 150/ 5345-12,
Type L-802A, Cass 1 or 2 as required in the Task Order. A duplex type
beacon with alternating green and white beans shall be provided. Beacons
used on mlitary airfields shall have a doubl e- peaked white beam Cabi net
shall be provided with a NEMA ICS 6 type encl osure of zinc-coated steel as
required in the Task O der

.3.2 Hel i port Beacon

The heliport rotating beacon, shall be FAA AC 150/5345-12, Type L-801H
Class 2. Except for mlitary facilities the white beam shall be a
doubl e- peaked white flash. The beacon shall flash the three col or sequence
10 to 15 times per mnutes. The colors white, green, and yellow for a
hel i port, white, green, and red for a nedical facility. The effective
intensity of the white flash shall be not |ess than 25,000 candel as for
vertical angles between 2 and 8 degrees and not |ess than 12,500 candel as
between 0 and 10 degrees.

.3.3 Airfield lIdentification/ Code Beacon

If an identification or code beacon is required, the fixture shall be in
accordance with FAA AC 150/5345-43, Type L-866 with green filters and code
flashing device. The beacon flashes shall be visible through 360 degrees.
The effective intensity of the green flash shall be not |ess than 2,000
candel as. The code shall be as indicated on the contract draw ngs and
shall flash 6 to 8 codes per m nute.

.4 WND DI RECTI ON | NDI CATOR

The wind direction indicator shall be an FAA AC 150/ 5345-27, Type L-806,

| ow mass supporting structure or L-807, rigid supporting structure, Style
I-lighted, Size as required in the Task Order. The wi nd cones shall be of
the size and col or as shown on the contract draw ngs.

.5 OBSTRUCTI ON LI GHTI NG AND MARKI NG

ostructions on or near the airfield/ heliport shall be marked and/or
lighted as shown on the contract drawi ngs. QObstruction marker |ights shal
emt aviation red flashing and/or steady burning light as required. The
light fixtures, shall be multiple-socket assenbly or series socket assenbly
FAA AC 150/ 5345-43, Type L-810 or Type L-864 as required in the Task

Order. For nultiple flashing lights on a circuit, the lights shall flash
in unison. Cbstruction marker lights shall be single- or double-unit type
as shown in the contract drawi ngs. The obstruction lights shall be
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2.

energi zed fromseries or nultiple circuits as shown on the contract
drawi ngs or other contract documents.

.6 H GH | NTENSI TY APPRCACH LI GHTI NG SYSTEMS

These |ights shall be as shown on the contract draw ngs.

.6.1 El evated High-Intensity Fixtures Except Flashing Units

The el evated approach light fixtures shall be FAA E-982 frangi bl e nounted
lights with PAR-56 200 W 300 Wand/or 500 Wl anps as specified, and with
aviation red and/or with aviation green filters as indicated. El evated
bidirectional threshold lights shall be FAA AC 150/5345-46, Type L-862 with
aviation green filters on the approach side and aviation red filters on the
runway side. The side row barrettes shall enmt aviation red lights.

.6.2 Sequence Fl ashing Lights (SFL) System

The SFL system shall be FAA E-2159 and/or FAA AC 150/5345-51, Type L-849
FAA E-2628 lights provided as an integrated part of the approach system
The SFL system shall include the 21 elevated fixtures, the individual power
supplies, master tiner and power supply, renote control and nonitor

support structures, and interconnecting wiring. The SFL shall flash tw ce
per second in sequence towards the runway threshol d.

.6.3 Sem flush, High-lIntensity Approach Lights

The approach lights in the overrun area, inner section of threshold bar

and paved areas with traffic, shall be sem flush, high-intensity,
base-nounted |ights as shown. These seniflush approach high-intensity
fixtures shall be FAA AC 150/5345-46, Type L-850D for bidirectional or Type
L- 850E for unidirectional lights with lanps and filters as shown.

.7 MEDI UM | NTENSI TY APPROACH LI GHTI NG SYSTEMS

The medi umintensity approach lights shall be as shown on the contract
dr awi ngs.

.7.1 El evated, MediumliIntensity, Steady-Burning Fixtures

The mediumintensity, elevated, steady-burning approach lights, shall be
FAA E-2325 PAR 38 | anpholders with 150 watt PAR-38 spotlight |anps

frangi bly nmounted on |ight bases, steel stakes, and/or |owinpact-resistant
supports or frangible supports.

. 7.2 Sequence Fl ashing Lights (SFL) for MediumlIntensity Lights

These el evated SFL fixtures (RAIL) shall neet the requirenments of FAA E-2159
or FAA AC 150/5345-51, Type L-849 with eight lights shall be as indicated

on the contract drawi ngs as an integrated part of the approach system The
SFL system shall include the fixtures, the individual power supplies,
master timer and power supply, renote control and nonitor, support
structures, and interconnecting wiring. The SFL shall flash tw ce per
second i n sequence towards the runway threshol d.

8 RUNWAY ALl GNIVENT | NDI CATOR LI GATS (RAIL)
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The RAIL fixtures shall neet the requirenents of FAA E-2159, FAA AC

150/ 5345-51, Type L-849 with eight lights and shall include the individua
power supplies the master tiner and power supply, renote control, support
structures, and interconnecting wring.

.9 OWNI DI RECTI ONAL APPROACH LI GHT SYSTEM ( ODALS)

The ODALS fixtures shall neet the requirements of FAA AC 150/ 5345-51, Type
L-859 Style F. The ODALS shall include the 7 fixtures, the individual
power supplies, the master timer and power supply, renote control, support
structures and interconnecting wiring. The ODALS shall flash tw ce per
second i n sequence towards the runway threshol d.

.10 RUNWAY END | DENTI FI ER LI GATS (REI L)

The REIL fixtures shall neet the requirenents of FAA AC 150/5345-51, Type
L-849, Style A, B, or E as required in the Task Order. The REIL shal

i nclude the master and sl ave fixture, the power supply, renmpte control
frangi bl e nounts, and interconnecting wiring. The REIL units shall flash
in unison tw ce per second.

11 RUNWAY LI GHTI NG SYSTEM

Runway |ights include runway edge lights, runway threshold |lights, runway
centerline lights, runway touchdown zone lights, runway di stance and
arresting gear markers, nounting structures, controls, and the associ at ed
equi prent and interconnecting wiring to provide conplete systens as

i ndi cated and specified herein. In-pavenment |ight fixtures shall be able
to withstand a m ninumstatic single wheel |oad of 22,680 kg (50,000 Ibs.).
50, 000 pounds.

11,1 Runway Edge Lights

The runway edge light fixtures shall neet the requirenents of FAA AC
150/ 5345- 46, Type L-862, elevated high-intensity, Type L-861, elevated
medi umintensity, airfield and heliport, Type L-850C, sem flush,

hi gh-intensity, Type L-852E, seniflush nediumintensity, white |lights.

.11.2 Runway Threshold and End Lights

The threshold lights shall use aviation green filter and the end lights
shall use aviation red filters. These lights shall be conbined in a single
bidirectional fixture with the appropriate color filters if so indicated on
the contract drawi ngs. The runway threshold/end light fixtures shall neet
the requirenents of FAA AC 150/ 5345-46, Type L-862, el evated
high-intensity, bidirectional, Type L-861 SE, elevated, nmediumintensity,
bidirectional, Type L-861, elevated, nmediumintensity, ommidirectional

Type L-852E, sem flush, nediumintensity, ommidirectional, Type L-850D

sem flush, high-intensity, bidirectional, Type L-850C, sem flush,
high-intensity, unidirectional airfield and heliport lights as indicated on
the contract draw ngs.

.11.3 Runway Centerline Lights, Tail hook Operations
The fixtures shall be simlar to FAA AC 150/ 5345-46, Type L-852, and

identified as Cass N (Navy). The fixtures are available from Crouse Hi nds
Conpany, Cooper Industries. The fixtures shall be unidirectional, narrow
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beam Type V, VI, VII, or VIIl, as required in the Task Order, with
shorting device for failed |anp, nodified to resist damage from aircraft
tail hooks. The stainless steel top assenbly shall have a Rockwell hardness
of C40 plus or mnus 5. Height of fixture shall be 12.7 nm (1/2 in.) 1/2

i nch above pavenent in lieu of 9.5 Mm (3/8 in.). 3/8 inch. Optical
assenbly shall be secured with 410 or 416 stainless steel bolts.

.11.4 Standard Duty Centerline Lights

The fixtures shall be FAA AC 150/ 5345-46, Type L-850A, Cass 1 for
insetting directly into pavenent, Class 2 for installation on nounting
bases. Filters shall be provided as indicated and conform ng to

requi renents of fixture specifications.

.11.5 Runway Touchdown Zone Lights
The fixtures shall be FAA AC 150/ 5345-46, Type L-850B
.11.6 Runway Di stance Markers

Runway di stance markers shall conformto FAA AC 150/ 5345-44, Type L-858B
Size 4, Style 3 with white or yellow nunerals on a bl ack background.

Mar kers shall be provided, to withstand a static wind |load of 1.9 kPa (0.28
I b/sq in), 0.28 pound per square inch, and suitable for connection to the
secondary of the isolation transforners specified. Internally illum nated
mar kers shall be provided with illumnation of the face not |ess than 50
percent of that at rated current when the series lighting circuit is
operated at the | owest brightness step. Marker housing shall be fiber

rei nforced epoxy, with information faces of high-inpact acrylic or
ultraviolet stabilized pol ycarbonate. The power supply and | anps shall be
Style 3, dass 1, Cass 2 as reconmended by the sign manufacturer

11,7 Arresting Gear Markers

The arresting gear nmarkers shall be the sane as Runway Di stance Markers,
except markers shall have a 990.6 mm (3.25 ft.) 3.25 foot translucent
yellow circle in place of nunmerals as specified above.

.12 TAXIVAY LI GHTI NG SYSTEMS

Taxi way |ighting systens shall include edge lights, centerline |lights,

gui dance signs, and hold position |lights and signs. These systens shal

al so i nclude the associ ated equi pnent, power supplies and controls,
nmount i ng devi ces, and interconnecting wiring to provide conplete systens as
speci fi ed.

.12.1 Taxi way Edge Lights

Taxi way edge light shall emt aviation blue light provided by filters or
gl obes for both airfields and heliports. The edge |lights shall neet the
requi renents of FAA AC 150/ 5345-46, Type L-861, elevated, Type L-852E
sem flush, lights as required in the Task Order

.12.2 Taxi way Centerline Lights

Taxi way centerline lights shall be sem flush fixtures using filters to
provide aviation green light. These centerline light fixtures shall neet
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the requirenents of FAA AC 150/ 5345-46, Type L-852A on straight sections
or Type L-852B on curved sections.

2.12.3 Taxi way Qui dance Signs

The taxi way gui dance signs shall neet the requirements of FAA AC 150/ 5345- 44,
Type L-858Y for information and Type L-858R for mandatory signs. The size
and informati on on the signs shall be as shown on contract drawi ngs. The
power supply to connect to series or multiple] circuits shall be as

i ndicated on the contract draw ngs and approved by the manufacturer

2.12. 4 Hol d Position Lights and Signs

The hol d positions shall be marked by painted Iines and |ights and/or signs
as specified or indicated on the contract drawings. The lights shall neet
the requirements of FAA AC 150/ 5345-46, Type L-852A, sem fl ush,
unidirectional, with aviation yellow filter toward the taxiway approach to
the runway. In sone confusing |ocations FAA AC 150/ 5345-46, Type L-804,

el evated flashing lights may be required. Hold position signs shall neet
the requirements of FAA AC 150/ 5345-44, Type L-858R, with the size and
information as indicated on the contract draw ngs.

2.13 HELI PAD LI GHTI NG SYSTEMS

Hel i pad Iighting, when required, shall be in accordance with this Section

2.13.1 HOVERLANE LI GHTS

The hoverlane |ights shall be alternating aviation green and avi ation
yellow lights along the centerline of the hoverlane path. The fixtures
shal | be FAA AC 150/ 5345-46, Type L-861, for elevated lights with
alternating yell ow and green gl obes as required or indicated on the
contract drawi ngs. These lights shall be frangibly nounted on stakes or

i ght bases. For hoverlanes across paved areas, the fixtures shall be FAA
AC 150/ 5345-46, Type L-852E mounted on FAA AC 150/ 5345-42, Type L858 |i ght
bases. The hoverlane lights shall be energized froma 6.6 anpere series
circuit through isolation transformers or 120/240-volt nultiple circuit
power source as required in the Task Order. The isolation transforners for
series circuits shall be FAA AC 150/5345-47, Type L-830-1 .

2.14  EXPLOCSI ON- PROOF FI XTURES FOR HAZARDOUS LOCATI ONS
Fi xtures to be installed in explosive hazardous | ocations shall neet the
requi renents of and be listed by UL El ecconst Dir or FM P7825a, FM P7825b
as defined in NFPA 70 for the hazard and application. The expl osi on-proof
fixtures are |ocated as shown on the contract draw ngs or otherw se
speci fied herein.

2.15 G.I DE SLOPE | NDI CATOR

The glide slope indicator for airfields shall be the Precision Approach
Sl ope Indicator (PAPI). For the heliports the glide slope indicator unit
shall be the PAPI or the CHAPI as indicated on the contract draw ngs.

2.15.1 PAP
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The light units for the PAPI shall neet the requirenents of FAA AC
150/ 5345- 28, Type L-880 or L-881 or FAA E-2756 as required in the Task
Order. The system consists of four light units.

.15.2 CHAP

The light units for the CHAPI systens for heliport glide slope indicators,
if required, shall consist of two units which neet the basic requirenents
of FAA AC 150/ 5345-28, Type L-880 or Type L-881, as indicated in the Task
Order, except the on-glide-slope indication has been replaced by a two
degree wi de green | ens.

.16 LIMT LIGATS

The fixtures for Iimt lights shall be FAA AC 150/5345-46, Type L-861 with
red gl obes and 45-watt | anps. These lights shall be frangi bly nmounted on
steel stakes or light bases if in paved areas.

.17 FACTORY CQOATI NGS5

Equi prent and conponent itens, including but not limted to transforner
stations and ferrous nmetal |um naries not hot-dip gal vani zed or porcelain
enanel finish shall be provided with corrosion-resistant finishes which
shall wi thstand 200 or 500 hours of exposure to the salt spray test
specified in ASTM B 117, as required in the Task Order, w thout |oss of
pai nt or rel ease of adhesion of the paint prinmer coat to the nmetal surface
in excess of 1.6 mm (1/16 in.) 1/16 inch fromthe test mark. The scri bed
test mark and test evaluation shall be in accordance with ASTM D 1654 with
a rating of not less than 7 in accordance with TABLE 1, (Procedure A). Cut
edges or otherw se damaged surfaces of hot-dip gal vani zed sheet steel or

m |1 gal vani zed sheet steel shall be coated with zinc rich paint conformng
to SSPC Paint 20 in accordance with ASTM A 780.

PART 3 EXECUTI ON

3.

1 GENERAL | NSTALLATI ON REQUI REMENTS

Circuits installed underground shall conformto the requirenents of Section
16375, ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND, except as required
herein. Steel conduits installed underground shall be installed and
protected from corrosion. Except as covered herein, excavation, trenching,
and backfilling shall conformto the requirements of Section 02316
EXCAVATI ON, TRENCHI NG, AND BACKFI LLI NG FOR UTI LI TI ES SYSTEMS. Concrete
work shall conformto the requirenments of Section 03300CAST-I| N PLACE
STRUCTURAL CONCRETE

.2 CABLES, CGENERAL REQUI REMENTS

The type of installation, size and nunber of cables shall be as indicated.
Conductors larger than No. 8 AW shall be stranded. Loads shall be divided
as evenly as practicable on the various phases of the system

Manuf acturer's witten recommendati ons shall be furnished for each type of
splice and nedi umvol tage cable joint and term nation, and for fireproofing
application nethods, and shall be approved before any work is done.
Medi um vol tage cable joints and terminations shall be the standard product
of a manufacturer and shall be either of the factory preforned type or of
the kit type containing tapes and other required parts. Mediumvoltage
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cable joints shall be nmade by qualified cable splicers. Conpounds and
tapes shall be electrical grade suitable for the cable insulation provided
and shall use design materials and techni ques recommended by the

manuf acturer. Maxi mum | ength of cable pull and cable pulling tensions
shal | not exceed the cable manufacturer's reconmendati ons.

2.1 Duct Line Installation

Cabl es shall be installed in duct lines as required in the Task O der

Cabl e splices in | owvoltage cables shall be made in manhol es and handhol es
only, except as otherwi se noted. Cable joints in mediumvoltage cables
shall be made in manholes only. Neutral and ground conductors shall be
installed in the same duct with their associ ated phase conductors.
Count er poi se cable shall be installed in a separate duct or direct-burial
not |less than 150 nm 6 i nches above the uppernost duct containing
electrical cable. Electrical netallic tubing shall not be installed

under ground or enclosed in concrete.

.2.2 Direct-Burial Installation

Cables that are to be buried directly in the earth as indicated. M ninmm
cover fromthe top of a cable to finished grade shall be 600 nm 24 inches
for | owvoltage cables, 900 mm 36 i nches for nedi umvoltage cabl es but not

| ess than the depth of the frost line. Counterpoise cable shall be not

| ess than 150 mm 6 i nches above the uppernost electrical cable but not |ess
than the depth of the frost |ine.

.2.2.1 Tr enchi ng

Trenches for direct-burial cables shall be excavated to depths required to
provi de the m ni mum necessary cable cover. Bottons of trenches shall be
snooth and free of stones and sharp objects. Were bottonms of trenches
conprise materials other than sand or stone-free earth, 75 nm 3 inch | ayers
of sand or stone-free earth shall be laid first and conpacted to

approxi mate densities of surrounding firmsoil

.2.2.2 Cable Installation

Cabl es shall be unreeled along the sides of or in trenches, so as not to
drag cables on the ground, and carefully placed on sand or earth bottons.
Pulling cables into direct-burial trenches froma fixed reel position wll
not be pernmitted, except as required to pull cables through conduits under
paving or railroad tracks. Were cables cross or are installed in | ayers at
di fferent depths, a separation of at least 75 nm 3 inches vertically and 50
mm 2 inches horizontally shall be provided, unless each cable circuit is
protected by a nonnetallic conduit sleeve at the crossing. Were

si ngl e-conductor cable is installed for three-phase circuits, all three
phases and the neutral shall be installed in the same sleeve. Bend radius

of any cable shall be not |less than 10 tinmes the dianmeter of the cable. In
no case shall cables be Ieft under |ongitudinal tension. The first 100 mm
4 inch |layer of backfill shall be of sand or stone-free earth. A 0.127 mm

(5 ml), 5 ml, brightly colored plastic tape not less than 75 mm (3 in.) 3
inches in width and suitably inscribed at not nore than 3 neters 10 feet on
centers, or other approved dig-in warning indication, shall be placed
approxi mately 300 mm 12 i nches bel ow fini shed grade | evels of trenches.

Sel ected backfill of sand or stone-free earth shall be provided to a

m ni mum depth of 75 nm 3 i nches above cabl es.
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3.2.2.3 O her Requirenents

VWhere direct-burial cables cross under roads or other paving exceeding 1.5
neters 5 feet in width, such cables shall be installed in concrete-encased
ducts. Wiere direct-burial cables cross under railroad tracks, such cables
shall be installed in reinforced concrete encased ducts. Ducts shal

extend at | east 300 nm 1 foot beyond each edge of any paving and at | east
1.5 meters 5 feet beyond each side of any railroad tracks. Cables may be
pulled into conduit froma fixed reel where suitable rollers are provided
in the trench. Direct-burial cables shall be centered in duct entrances.

A sui tabl e wat er proof nonhardeni ng masti c conpound shall be used to
facilitate such centering. |If paving or railroad tracks are in place where
cables are to be installed, coated rigid steel conduits driven under the
paving or railroad tracks may be used in |ieu of concrete-encased ducts.
Danage to conduit coatings shall be prevented by providing ferrous pipe
jackets or by suitable predrilling. Were cuts are made in any paving, the
pavi ng and sub-base shall be restored to their original condition

.2.2. 4 Medi um Vol t age Cabl e Joints or Low Voltage Cable Splices

Cable joints or splices in direct-burial cables are not pernmitted in runs
of 300 neters 1000 feet or less, nor at intervals of |ess than 300 neters
1000 feet in longer runs, except as required for taps. Locations of cable
joints or splices in shorter intervals, where required to avoid
obstructions or damage to cables, shall be approved. Cable joints or
splices shall be installed in cable boxes, except that medi umvoltage
separ abl e connectors or | ow voltage seal ed insul ated connectors do not
requi re cabl e boxes.

.2.2.5 Sur f ace Markers

Markers shall be |l ocated near the ends of cable runs, at each cable joint
or splice, at approximately every 150 neters 500 feet along cable runs, and
at changes in direction of cable runs. Markers shall be constructed as

i ndi cat ed.

.2.3 Connection to Buil dings

Cabl es shall be extended into the various buildings as indicated, and shal
be properly connected to the first applicable term nation point in each
building. Interfacing with building interior conduit systens shall be at
conduit stubouts terminating 1.5 neters 5 feet outside of a building and
600 nm 2 feet below finished grade as specified and provi ded under Section
16415 ELECTRI CAL WORK, INTERIOR. After installation of cables, conduits
shal |l be seal ed with caul king conpound to prevent entrance of noisture or
gases into buildings.

.3 MEDI UM VOLTAGE CABLES

Medi um vol t age cabl es shall be suitable for a rated circuit voltage of 5
kV. Qher parts of the cable systemsuch as joints and term nations shal
have ratings not less than the rating of the cables on which they are
installed. Separable insulated connectors shall have nom nal voltage

rati ngs coordi nated to associ ated apparatus ratings rather than cable

rati ngs when used to connect cable to apparatus. Cables shall be provided
with 133 percent insulation level. Neutral conductors of grounded neutral
systens shall be of the same insulation material as phase conductors,
except that a 600-volt insulation rating is acceptable.
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3.3.1 Cabl e Joints

Shi el ds shall be applied as required to continue the shielding system
t hrough each entire cable joint. Shields may be integrally nolded parts of
preformed joints. Shields shall be grounded at each joint.

3.3.1.1 Types

Separ abl e i nsul ated connectors of suitable construction or standard splice
kits shall be used for single-conductor and two-conductor cables. The
connectors shall be of FAA AC 150/5345-26 factory preforned type. Cable
joints for which acceptabl e separable connector kits are not avail abl e may
use factory preforned vul canized or taped joint splices if approved.

3.3.1.2 Requi renent s

Cable joints shall provide insulation and jacket equivalent to that of the
associ ated cable. Lead sleeves shall be provided for |ead-covered cabl es.
Arnored cable joints shall be enclosed in conpound-filled, cast-iron or
al l oy, splice boxes equipped with stuffing boxes and arnor clanps of a
suitable type and size for the cable being install ed.

3.3.2 Term nati ons

Term nations shall be IEEE STD 48, Class 1 or Cass 2, of the nolded

el astomer, wet-process porcelain, prestretched el astomer, heat-shrinkable
el astomer, or taped type. Acceptable elastonmers are track-resistant
silicone rubber or track-resistant ethylene propyl ene conpounds, such as

et hyl ene propyl ene rubber or ethyl ene propyl ene di ene nononmer. Separable

i nsul ated connectors may be used for apparatus term nations, when such
apparatus is provided with suitable bushings. Term nations shall be of the
out door type, except that where installed inside outdoor equi pnent housings
whi ch are seal ed against normal infiltration of noisture and outside air,

i ndoor, Class 2 termnations are acceptable. Cass 3 term nations are not
acceptable. Terminations, where required, shall be provided wi th nounting
brackets suitable for the intended installation and with groundi ng
provisions for the cable shielding, netallic sheath, and arnor.

3.3.2.1 Factory Preformed Type

Mol ded el ast oner, wet-process porcelain, prestretched, and heat-shrinkabl e
term nations shall utilize factory preformed conponents to the nmaxi mum
extent practicable rather than tape build-up. Termnations shall have
basic inpulse levels as required for the systemvoltage |level. Leakage

di stances shall pass the wet withstand voltage test required by | EEE STD 48
for the next higher BIL |evel.

3.3.2.2 Taped Term nati ons
Taped term nations shall use standard term nation kits providing suitable
term nal connectors, field-fabricated stress cones, and rain hoods.
Term nations shall be at |east 318 nml2-1/2 inches long fromthe end of the
tapered cable jacket to the start of the term nal connector, or not |ess
than the kit manufacturer's reconmendations, whichever is greater

3.4 LOMVOLTAGE CABLES
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Cabl e shall be rated 600 volts, except that secondaries of isolation
transfornmer to in-pavenent lights installed in pavenent saw kerf and 48
volt DC control cables may be 300 volts. Qher parts of cable systens such
as splices and term nations shall be rated at not |ess than 600 volts.
Splices in wires No. 10 AW5 and snal l er shall be made with an insul at ed,

sol derl ess, pressure type connector, conformng to the applicable

requi renents of UL 486A. Splices in wires No. 8 AWG single conductor cable
shal |l be made wi th FAA AC 150/ 5345-26 Type L-823 connectors. Splices bel ow
grade or in wet locations shall be sealed type conform ng to ANSI C119.1 or
shal |l be waterproofed by a sealant-filled, thick wall, heat shrinkabl e,

t hermosetting tubing or by pouring a thernosetting resin into a nold that
surrounds the joined conductors.

.5 DUCT LI NES

Duct lines shall be concrete-encased, thin-wall type for duct |ines between
manhol es and for other nediumvoltage lines. Lowvoltage |lines run

el sewhere may be non-encased direct-burial, thick-wall type. Comunication
[ines run el sewhere may be direct-burial, thick-wall type.

.5.1 Requi renent s

Nunbers and sizes of ducts shall be as indicated. Duct |ines shall be laid
with a mnimum sl ope of 100 mMmm 4 inches per 30 neters. 100 feet. Depending
on the contour of the finished grade, the high point may be at a termnal

a manhol e, a handhol d, or between nanhol es or handhol es. Manufactured 90
degree duct bends may be used only for pole or equiprment risers, unless
specifically indicated as acceptable. The m ni mum manufactured bend radi us
shall be 450 mm (18 in.) 18 inches for ducts of less than 78 nm (3 in.) 3

i nches dianeter, and 900 mm (36 in.) 36 inches for ducts 78 nm (3 in.) 3
inches or greater in diameter. Oherw se, |ong sweep bends having a

m nimumradius of 7.6 nmeters (25 ft.) 25 feet shall be used for a change of
direction of nore than 5 degrees, either horizontally or vertically. Both
curved and straight sections may be used to formlong sweep bends as

requi red, but the maxi mum curve shall be 30 degrees and manufactured bends
shall be used. Ducts shall be provided with end bells when duct |ines
term nate i n manhol es or handhol es. Duct |ine markers shall be provided as
i ndicated at the ends of |long duct line stubouts or for other ducts whose

| ocations are indeterm nate because of duct curvature or termnations at
conpl etely bel owgrade structures. 1In lieu of markers, a 0.127 nm (5 ml)
5 ml| brightly colored plastic tape not |less than 76.2 mm 3 inches in wdth
and suitably inscribed at not nore than 3.0 nmeters 10 feet on centers with
a continuous netallic backing and a corrosion-resistant 0.025 mm (1 ml) 1
ml| metallic foil core to permt easy location of the duct line, shall be
pl aced approximately 300 nm 12 i nches bel ow fi ni shed grade | evels of such
li nes.

.5.2 Tr eat nent

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be made with proper tools
and match factory tapers. After a duct line is conpleted, a standard

flexi ble mandrel shall be used for cleaning followed by a brush with stiff
bristles. Mandrels shall be at |least 300 mm 12 inches | ong and shall have
dianmeters 6.2 mm (1/4 in.) 1/4 inch less than the inside dianmeter of the
duct being cleaned. Pneumatic rodding may be used to draw in |ead wires.

A coupling recommended by the duct manufacturer shall be used when an

exi sting duct is connected to a duct of different material or shape. Ducts
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shall be stored to avoid warping and deterioration with ends sufficiently
pl ugged to prevent entry of water or solid substances. Ducts shall be

t horoughly cl eaned before being laid. Plastic ducts shall be stored on a
flat surface and protected fromthe direct rays of the sun

.5.3 Concr et e Encasenent

Each single duct shall be conpletely encased in concrete with a m ni mum of
75 mm 3 inches of concrete around each duct, except that only 50 mm 2 inches
of concrete are required between adjacent electric power or adjacent
conmuni cati on ducts, and 100 mm 4 i nches of concrete shall be provided

bet ween adj acent electric power and conmmuni cation ducts. Duct line
encasenents shall be nmonolithic construction. Were a connection is nmade
to a previously poured encasenent, the new encasenment shall be well bonded
or doweled to the existing encasenent. At any point, except railroad
crossings, tops of concrete encasenents shall be not |ess than 450 nm 18

i nches bel ow finished grade or paving. At railroad crossings, duct |ines
shal |l be encased with concrete, reinforced as indicated. Tops of concrete
encasenents shall be not less than 1.5 nmeters 5 feet below tops of rails,
unl ess otherwi se indicated. Separators or spacing bl ocks shall be nade of
steel, concrete, plastic, or a conbination of these materials placed not
further apart than 1.2 neters 4 feet on centers. Ducts shall be securely
anchored to prevent novenent during the placenment of concrete and joints
shal | be staggered at | east 150 nm 6 inches vertically.

.5.4 Non- encased Direct-Buri al

Top of duct lines shall be below frost line but not |ess than 600 nmR4

i nches bel ow finished grade. Ducts shall be buried below frost line but in
the earth and shall be installed with a minimmof 77 nm 3 inches of earth
around each duct, except that between adjacent electric power and

conmuni cati on ducts, 300 nm 12 inches of earth is required. Bottons of
trenches shall be graded toward nanhol es or handhol es and shall be snooth
and free of stones, soft spots, and sharp objects. Were bottons of
trenches conprise materials other than sand or stone-free earth, 75 nmm 3
inch ayers of sand or stone-free earth shall be laid first and conpacted
to approximate densities of surrounding firmsoil before installing ducts
in direct-contact tiered fashion. Joints in adjacent tiers of duct shal

be vertically staggered at |east 150 mm 6 inches. The first 100 nm 4 inch
| ayer of backfill cover shall be sand or stone-free earth conpacted as
previously specified. Duct banks may be held in alignnent with earth.
However, high-tiered banks shall use a wooden frane or equivalent formto
hold ducts in alignment prior to backfilling. Selected earth at duct banks
shall be thoroughly tanped in 100 to 150 mMm4 to 6 inch | ayers.

.5.5 Installati on of Couplings

Joints in each type of duct shall be nmade up in accordance with the

manuf acturer's recommendations for the particular type of duct and coupling
sel ected and as approved. In the absence of specific reconmendations,
various types of duct joint couplings shall be nmade watertight as specified.

.5.5.1 Asbest os- Cenent and Bitum ni zed- Fi ber Ducts
To ensure a watertight joint, tapered ends or joints of the same materi al
as the ducts shall be swabbed wi th bitum nous or joint-sealing conmpound

before couplings are applied. Plastic or nonnmetallic couplings shall be
tightly driven onto unswabbed ducts. Due to the brittleness of plastic
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couplings at |ow tenperatures, such couplings shall not be installed when
tenperatures are below mnus 18 degrees C (0 degrees F). 0 degrees F

Coupl i ngs shall be warned in hot water or by another approved nethod when
installed at tenperatures bel ow O degrees C (32 degrees F). 32 degrees F

.5.5.2 Pl asti c Duct

Duct joints shall be made by brushing a plastic solvent cement on insides
of plastic coupling fittings and on outsides of duct ends. Each duct and
fitting shall then be slipped together with a quick one-quarter-turn tw st
to set the joint tightly.

.6 MANHOLES AND HANDHOLES

The manhol es and handhol es shall be as specified in Section 16375ELECTRI CAL
DI STRI BUTI ON SYSTEM UNDERGROUND.

.7 VEELDI NG

The wel di ng of supports and netallic ducts and wel ding or brazing of
el ectrical connections shall be forned by qualified wel ders.

.8 CABLE MARKERS

Cabl e markers or tags shall be provided for each cable at duct entrances
entering or |eaving manhol es or handhol es and at each term nation within
the lighting vault. Cables in each manhol e or handhol e shall have not |ess
than two tags per cable, one near each duct entrance hole. Inmmediately
after cable installation, tags shall be permanently attached to cables and
wires so that they cannot be accidentally detached.

.9 FRANG BLE REQUI REMENTS

Frangi bl e supports, couplings, and adapters shall be installed as indicated
or specified.

.9.1 Approach Systens Frangibility

At the 300 neter 1000 foot cross bar and beyond, approach lights shall be
mounted up to 1.8 neters 6 feet above concrete foundati on on threaded
frangi bl e couplings and 53 nm (2 in.) 2 inch electrical netallic tubing
(EMT) . For nmounting heights greater than 1.8 neters, 6 feet, approach
lights shall be mounted on | owinpact resistant frangi ble towers as

i ndi cat ed.

.10 ELEVATED Al RFl ELD AND HELI PORT LI GHTS

El evated lights shall be frangibly nounted, not to exceed 350 nm 14 inches
i n height except where higher nmounting is permtted in snow accumrul ation
areas. Equi pment exceeding 350 mm 14 inches in height shall be frangibly
nount ed as i ndi cat ed.

11 SEM FLUSH Al RFI ELD AND HELI PORT LI GHTS

Water, debris, and other foreign substances shall be renoved prior to

installing semflush Iight base and |ight. Positioning jigs shall be used
to hold the Iight bases and/or lights to ensure correct orientation and
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I eveling until the concrete, adhesive, or sealant can provi de per manent
support.

.12 WRES, FI XTURES, AND ENCLOSURES | N SAW KERFS AND DRI LLED HOLES
.12.1 Hol es for Light Fixtures

Hol es shall be bored in existing pavenment to the di nensions indicated with
a di anond-edged bit to provide a snooth, straight cut. Bottom of hole
shall be flat or slightly concave, except that an area at |east 25 mml inch
wi de around the perinmeter shall be flat. Surfaces deeper than the
prescribed depth shall be filled with sealant to the |Ievel of the flat area
and allowed to cure before further placenent.

.12.2 Hol es for Transforner Encl osures

Hol es shall be drilled or excavated through concrete pavenent and | oose
material renmoved. Hole shall be filled with concrete to depth indicated.
A mnimum of 75 nm 3 inches of concrete shall be provided at bottom of hole.

.12.3 Saw Kerfs and Splice Chanbers

Saw kerfs and splice chanbers shall be cut in pavenents where indicated.
Saw cuts shall be in straight lines with vertical sides. Wdth and depth
of saw cuts shall be adequate for the required nunber of wires. Saw kerfs
shal |l have the vertical edges chanfered at intersections. Were a saw kerf
crosses a construction joint, the depth shall be increased sufficiently to
allow for slack wire under the joint. The wire shall be enclosed in

fl exi bl e tubi ng which extends not |ess than 600 nm 2 feet each side of the
joint.

.12.4 Sandbl asti ng

Saw kerfs, grooves, and holes shall be sandbl asted to renove foreign or

| oose material. Sandblasting shall use approved equi prent maintained in
good working order. Sand for blasting shall be proper size and quality to
performthe work. Nozzles for sandblasting shall be of the proper size in
relation to the groove or holes to be cleaned. Nozzles enlarged by wear
shal | be replaced as necessary. Sandbl ast air pressure shall be not |ess
than 621 kPa (90 psi. 90 psi.

.12.5 d eani ng

I mredi ately prior to installation of wire or light fixtures, saw kerfs and
hol es shall be flushed with a high velocity water jet or steam and then
cl eaned and dried with a high velocity air jet to renmove dirt, water, and
foreign materi al

.12.6 Lighting Fixture Installation

Si des and bottom of each |ight base shall be sandbl asted i mediately prior
to installation. Inside faces of bored hol e and bottom and sides of I|ight
base shall be covered with a coating of sealant that will conpletely fill
the void between concrete and base. A jig or holding device shall be used
when installing each light fixture to ensure positioning to the proper

el evation, alignnment, |level control, and azimuth control. Light fixture
shall be oriented with the |ight beans parallel to the runway or taxiway
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centerline and facing in the required direction. CQuternost edge of fixture
shall be level with the surrounding pavenent. Surplus sealant or flexible
enbeddi ng material shall be renoved. The hol ding device shall remain in

pl ace until sealant has reached its initial set. Fixture |lead wires shal
be properly arranged with respect to their connecting position. The

wi reway entrance into the |light recess shall be blocked to retain the

seal ant material during curing.

12,7 Installation of Circuit Wres in Pavenent

Wres shall be placed in saw kerfs and anchored at bottom by neans of
rubber or plastic wedges or noncorrosive netal clips placed every 600 or
900 nm 2 or 3 feet or as often as necessary to hold the wire down. Wres
crossing existing joints shall be encased in a 600 nm 24 inch | ength of

fl exible tubing of polyethylene material conformng to ASTM D 1248, Type |
or Type IIl, to break the bond between the wires and the sealing materi al
Fl exi bl e tubing shall be centered on the joint and of sufficient size to
acconmodate the wires to allow for novenment of the wires as the joint opens
and cl oses. Ends of tubing shall be wapped with tape to prevent entrance
of sealing materials. The adjacent joint area shall be packed tenporarily
with roving material, such as henp, jute, cotton or flax, to prevent
sealing material fromflowing into the open joint. Sealing materials shal
be carefully nmixed and applied in accordance with the manufacturer's
instructions and at the reconmended tenperature. Surplus or spilled
materi al shall be renoved

.13 SPLI CES FOR Al RFI ELD AND HELI PORT LI GHTI NG CABLE
.13.1 Connectors

Kit type connectors shall be used to splice 5 kV single-conductor series
lighting cables. During installation and prior to covering with earth,
mati ng surfaces of connectors shall be covered until connected and cl ean
when plugged together. At joint where connectors cone together, heat
shrinkabl e tubing shall be installed with waterproof sealant with two
hal f -1 apped | ayers of tape over the entire joint. Joint shall prevent
entrapnment of air which mght subsequently | oosen the joint.

.13.2 Splicing Fixtures to the Wres in Pavenent Saw Kerfs

Splices shall have preinsul ated watertight connector sleeves crinped with a
tool that requires a conplete crinp before tool can be renoved. Splice
shall be taped with plastic insulating tape.

.14 GROUNDI NG SYSTEMS
.14.1 Count er poi se Installation

Counterpoise wire shall be laid for entire length of circuits supplying
airfield lighting. Wre shall be in one piece, except where distance
exceeds the length usually supplied. Counterpoise shall be installed on
top of the envel ope of concrete-encased duct and approxi mately 150 nmb

i nches above direct burial cables and duct lines. Where trenches or duct
lines intersect, counterpoise wires shall be electrically interconnected by
exot herm ¢ wel ding or brazing. Counterpoise to earth ground shall be
connected at every 600 neters 2,000 feet of cable run, at lighting vault,
and at feeder connection to light circuit by means of ground rods as
specified. Counterpoise shall be installed in a separate duct under roads,
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railroads, and paved areas above the highest duct containing electrical or
communi cations circuits.

.14.2 Fi xt ure G oundi ng

Each fixture or group of adjacent fixtures shall be grounded by a groundi ng
circuit separate fromthe counterpoi se system unl ess required otherw se or
by driven ground rods if permtted. Fixtures, steel |ight bases or
groundi ng bushings on steel conduits shall be connected to an independent
ground rod by a No. 6 AWG bare stranded copper wire. Sem flush fixtures
for direct nounting in pavenent need not be grounded. Copper wire shall be
connected to ground rods by exotherm c weld or brazing.

.15 MARKI NG AND LI GHTI NG OF Al RWAY OBSTRUCTI ONS

Tower s, poles, snokestacks, buildings of certain shapes and sizes, and
ot her obstructions shall be marked and |ighted in accordance with FAA AC
70/ 7460-1 and as indicated in or required otherw se.

.15.1 Pai nting of Airway Cbstructions

Patterns and colors to mark obstructions shall conformto FAA AC 70/ 7460-1
and shall be as indicated.

.15.2 ostruction Marker Lights

ostruction marker lights shall be installed on radio towers, elevated

wat er tanks, snokestacks, buildings, and simlar structures with 25 mml i nch
zinc-coated rigid steel conduit stens using standard tees and el bows,

except that |owering devices, when required, shall be installed in
accordance with equi prent manufacturer's recomendati ons.

.16 Al RFI ELD ROTATI NG LI GHT BEACON

Beacon shall be installed in accordance with the manufacturer's

i nstructions and ot her contract requirenments and shall include cl eaning,

| ubrication, adjustnment, and ot her special instructions. Foundations and
supports shall be provided as indicated.

.16.1 Beam Adj ust ment

Beam shal | be adjusted during hours of darkness. Beam shall be ainmed to
provide a m nimum of 5.5 degrees above the horizontal, but not higher than
necessary to clear principal obstructions.

.16.2 Power Supply and Wring

Panel board shall be installed at top of structure to provide separately
protected circuits for beacon | anps, heaters, notor, and obstruction
lights. Cabinet shall be installed on side of platformopposite |adder
Conduit riser shall be installed on tower in a corner angle and not near
| adder.

.17 HELI PORT LI GHT BEACON

Beacon shall be installed in accordance with the manufacturer's
i nstructions and ot her contract requirenments and shall include cl eaning,
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[ ubrication, and adjustnent. Foundations and supports shall be provided as
i ndi cat ed.

3.17.1 Beam Adj ust ment

Beam shal | be adjusted during hours of darkness. Beam shall be ainmed to
provide a m nimum of 5.5 degrees above the horizontal, but not higher than
necessary to clear principal obstructions.

3.17.2 Power Supply and Wring

Panel board shall be installed at top of structure to provide separately
protected circuits for beacon | anps, heaters, notor, and obstruction
lights. Cabinet shall be installed on side of platformopposite |adder
Conduit riser shall be installed on tower in a corner angle and shall not
be | ocated near | adder. The termi nal cabinet shall be in accordance with
NEMA I CS 6 Type 3R or as required otherw se.

3.18 WND DI RECTI ON | NDI CATCRS

Installation shall include a black circle constructed on the ground w th
center at center of the base. Circle shall be constructed using an

enul sified asphalt-sand m xture or of a cut-back asphalt-sand m xture not
less than 125 mm 5 inches in thickness. Asphalt-sand m xture shall contain
not less than 6 percent bitunen. Sand shall be well-graded with not nore
than 10 percent material which will pass through a No. 200 nmesh sieve.
Asphal t -sand m xture shall be conpacted thoroughly and sl oped for drai nage
fromcenter to outer rimfromone side to the other. Wnd cone direction
i ndi cator shall be guyed as indicated. The wind cone illumnation |ights
and obstruction lights shall be energized fromseries or multiple circuits
as shown by the contract drawi ngs or as required otherw se.

3.19 | SOLATI ON TRANSFORMERS

Transformer | ead connections shall conformto FAA AC 150/ 5345- 26.
Transformer secondary connectors shall plug directly into a mating
connector on the transforner secondary leads. During installation, mating
surfaces of connectors shall be covered until connected and cl ean when

pl ugged together. At joint where connectors conme together, heat shrinkable
tubing shall be installed with waterproof sealant or with two hal f-1apped

| ayers of tape over the entire joint. Joint shall prevent entrapnent of
air which mght subsequently | oosen the joint.

3.20 RUNVWAY AND TAXI WAY LI GHTI NG SYSTEMS
3.20.1 Runway and Taxi way Edge Lights

Edge lights shall be elevated type lights except in paved areas where

sem flush lights are required. Threshold and runway end lights shall be

el evated or sem flush type as indicated on the contract draw ngs. Elevated
lights shall be frangibly nmounted and each |ight supplied power through an
isolation transforner. The taxiway |lights shall be omidirectional and
only require leveling. The runway lights require leveling and alignnment of
the beans for the correct toe-in of the beans.

3.20.2 Runway and Taxiway Centerline Lights
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These |ights may be mounted on light bases or in drilled holes as indicated
on contract drawings. A transforner shall be provided for each group of
four 45-watt or three 65-watt centerline lights and installed in a handhol e
as indicated on the contract draw ngs. Each light shall be provided with
lanp failure shorting device to allow the other lights to operate if one
lanp fails. Lights shall be connected to secondary circuit wres at
fixture | eads using preinsul ated watertight connector sleeves crinped with
a tool that requires a conplete crinp before tool can be renoved.
Connection shall be at staggered |ocations and wapped with one | ayer of

hal f -1 apped plastic electrical insulating tape. Light fixtures shall be
installed in holes drilled in the pavenent as indicated.

.20.3 Touchdown Zone Lighting Installation

A light base shall be provided for each Iight and transforner as

i ndicated. In naking cable connections, sufficient slack cable shall be
provided in each base to permt connection to the upper part of the base or
as i ndi cat ed.

.21 APPRCACH LI GHTI NG SYSTEMs

Approach lighting systemshall be installed as indicated or as required
ot herwi se. Nanepl ates shall be provided for equipnment, controls, devices,
and for each lighting circuit.

.21.1 Frangi bl e Requi renents

At the 300 neter 1,000 foot crossbar and beyond, overrun lights shall be
mounted up to 1.8 neters 6 feet above concrete foundati ons on threaded
frangi bl e couplings and 53 nm (2 in.) 2 inch rigid steel conduit. For
mounti ng hei ghts greater than 1.8 neters, 6 feet, light shall be installed
on low inpact-resistant (LIR) frangi ble supports. Wen rigid towers,
trestles, and simlar structures are required, the light unit shall be
installed at least 6 nmeters 20 feet above the rigid structure with this
support unit being frangible.

.21.2 Alignnent of Lights

The approach lights shall be aligned with the axes of the beans directed
towards the approach area parallel to the runway centerline. Vertically,
they shall be ai ned above the horizontal at the threshold of 5.5 degrees
and increasing the elevation angle 0.5 degree for each 150 neter 500 f oot
interval into the approach area fromthe threshold. The tolerance for
vertical aimng is plus or minus 0.5 degree.

.22 FI ELD QUALI TY CONTRCL

The Contracting O ficer shall be notified five working days prior to each
test. Deficiencies found shall be corrected and tests repeated.

.22.1 Operating Test
Each conpleted circuit installation shall be tested for operation
Equi prent shall be denpnstrated to operate in accordance with the

requi renents of this Section. One day and one night test shall be
conducted for the Contracting Oficer

Page 31



.22.2 Di stri bution Conductors, 600-Volt C ass

Test shall verify that no short circuits or accidental grounds exist using
an instrunent which applies a voltage of approximtely 500 volts providing
a direct reading in resistance.

.22.3 Count er poi se System Test and | nspection

Continuity of counterpoise systemshall be visually inspected at accessible
| ocations. Continuity of counterpoise systemto the vault grounding system
shall be tested in manhol e closest to the vault.

.22.4 Progress Testing for Series Lighting Crcuits

A megger test shall be conducted on each section of circuit or progressive
conbi nati ons of sections as they are installed. Each section or
progressive conbi nati on of sections shall be tested with a nmegohmeter
providing a voltage of approximately 1000 volts, a direct reading in

resi stance. Results shall be docunented. Faults indicated by these tests
shall be elimnated before proceeding with the circuit installation

.22.5 El ectrical Acceptance Tests

Acceptance tests shall be performed for series and multiple airfield and
heli port lighting circuits only on conplete lighting circuits. Each series
and nultiple lighting circuit shall receive a high voltage insulation test.

.22.5.1 Low Vol tage Continuity Tests

Each series circuit shall be tested for electrical continuity. Faults
indicated by this test shall be elimnated before proceeding with the
hi gh-vol t age i nsul ati on resistance test.

.22.5.2 H gh- Vol t age I nsul ati on Resi stance Tests

Each series lighting circuit shall be subjected to a high-voltage

i nsul ation resistance test by measurenment of the insulation | eakage current
with a suitable high-voltage test instrument which has a steady, filtered
direct current output voltage and limted current. Hi gh-voltage tester
shal | include an accurate voltneter and m croameter for reading voltage
applied to the circuit and resultant insulation | eakage current. Voltages
shal |l not exceed test values specified bel ow

a. Test Procedure: Both |eads shall be disconnected fromregul ator
output term nals and support so that air gaps of several inches
exi st between bare conductors and ground. Cable sheaths shall be
cl eaned and dried for a distance of 300 mm 1 foot from ends of
cabl es and exposed insul ation at ends of cables. Ends of both
conductors of the circuit shall be connected together and to
hi gh-vol tage term nal s of test equi pnent, and test voltage applied
as specified in the foll owi ng tabul ati on between conductors and
ground for a period of 5 m nutes.

Test Vol tage, dc

First Test Test on
Series on New Exi sting
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Test Vol tage, dc

First Test Test on
Series on New Exi sting
Lighting Grcuits Crcuits Crcuits
Lighting Grcuits Crcuits Crcuits
H gh Intensity Series
Lighting Grcuits
(5,000 volt |eads,
500 and 200 watt
transf orners) 9000 5000
Medi um I ntensity
Series Lighting
Crcuits (5,000 volt
| eads, 30/45 watt
transf orners) 6000 3000
600-Volt Circuits 1800 600

VWhen additions are made to existing circuits, only new sections shall be
tested in accordance with "First Test on New Grcuits" in table above. To
ensure reliable operation, conplete circuit shall be tested at reduced
vol t ages i ndi cated above.

b. Leakage Current: Insulation |eakage current shall be measured and
recorded for each circuit after a 1 mnute application of the test
voltage. |If |eakage current exceeds val ues specified bel ow, the

circuit shall be sectionalized and retested and the defective
parts shall be repaired or replaced. Leakage current limts

i ncl ude al |l owances for the normal nunber of connectors and splices
for each circuit as follows:

(1) Three mcroanperes for each 300 neters 1000 feet of cable.

(2) Two microanperes for each 200 watt and each 500 watt
5,000-volt series transformer.

(3) Two microanperes for each 30/45-Watt 5,000 volt series
transf ormer.

I f nmeasured val ue of insulation | eakage current exceeds cal cul ated val ue,
the circuit shall be sectionalized and tested as specified for each
section. Defective conponents shall be repaired or replaced until repeated
tests indicate an acceptabl e val ue of | eakage current for the entire
circuit.

.22.6 Constant Current Regul ators

Each constant current regulator shall be exam ned to ensure that porcelain
bushi ngs are not cracked, no shippi ng damage has occurred, internal and
external connections are correct, switches and relays operate freely and
are not tied or blocked, fuses, if required, are correct, and liquid |evel
of liquid-filled regulators is correct. Relay panel covers shall be
renoved only for this examination; it is not necessary to open the main
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tank of liquid-filled regulators. The instructions on the plates attached
to the regul ators shall be followed. Covers shall be replaced tightly
after conpleting exam nations and tests.

.22.7 Regul ator El ectrical Tests

Supply vol tage and input tap shall correspond. Wth the |oads

di sconnected, regulator shall be energized and the open circuit protector
observed to ensure that it de-energizes the regulator within 3 seconds.
After testing circuits for open circuit and ground fault and corrections,
if any, and after determining that |anps are serviceable and in place, the
| oads shall be connected for each circuit or conbination of circuits to be
energi zed by the regul ator and the voltage and current neasured

si nul taneously for each brightness tap. Voltneter and ammeter shall have
an accuracy of plus or mnus 1 percent of neter full scale. Readings shal
be recorded during the day and night in order to obtain the average supply
voltage. Qutput current on each brightness tap shall be within plus or

m nus 2 percent full scale of the naneplate val ues after mmking necessary
correction in the supply voltage. Late nodel regulators have autonatic
supply voltage correction in lieu of input taps, and output current does
not change as supply voltage varies. Wen output current on highest
intensity setting deviates from nanmepl ate val ue by nore than 2 percent of
neter full scale and the regulator is not overloaded, internal adjustnent
shal | be checked as described on regulator instruction plate. Since

adj ustnent nmay be rather delicate, a deviation of up to plus or mnus 5
percent of neter full scale is allowed for lower intensity settings before
attenpting to readjust the regul ator

.22.8 Fi nal Qperating Tests

After conpletion of installations and the above tests, circuits, contro
equi prent, and |ights covered by the contract shall be denonstrated to be
in acceptabl e operating condition. Each switch in the control tower
lighting panels shall be operated so that each switch position is engaged
at least twice. During this process, lights and associ ated equi prent shal
be observed to determ ne that each switch properly controls the
corresponding circuit. Tel ephone or radi o communi cation shall be provided
bet ween t he operator and the observer. Tests shall be repeated fromthe
alternate control station, fromthe renote control points, and again from
the local control switches on the regulators. Each lighting circuit shal
be tested by operating the |anps at naxi mum brightness for not |ess than 30
mnutes. At the beginning and at the end of this test the correct nunber
of lights shall be observed to be burning at full brightness. One day and
one ni ght operating test shall be conducted for the Contracting Oficer

.23 FI' NI SHI NG

Painting required for surfaces not otherw se specified and finish painting
of itens only prinmed at the factory shall be as required by the task order

-- End of Section --
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